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What Is New in
Anesthesiology?
The 25th Annual Stoneburner Lecture Series,
held at the Medical College of Virginia, February
25-26, 1972, was devoted, for the first time since its
inception in 1946, to Anesthesiology. Nineteen outstanding speakers from various parts of the country
covered a wide range of pertinent subjects.
Anesthesiology is a relatively new medical specialty and is expanding rapidly. Guided by the dictum
"primum non nocere," the modern anesthesiologist
has to evalu ate thoroughly any new anesthetics or
tech niques before accepting th em as the best and
the safest . The Stoneburner Lecturer, Dr. C. Ronald
Stephen , Mallinckrodt Professor of Anesthesiology,
gave an in-depth description of the 1972 trends in
anesthesia and made predictions for the future .
I would like to extend my thanks to the Department of Visual Education of the Medical College of
Virginia, which under th e able guidance of Mr . Melvin Shafer, did an excellent job of taping the lectures
and providing television coverage; to Dr. M. Pinson
Neal, Jr. and Miss Erma L. Blanchard from the Department of Continuing Education; to other members
of the Department of Anesthesiology who gave freely
of their expertise and time to make the 1972 Stoneburner Lecture Series an outstanding success; and
to the editorial staff of the M CV QUARTERLY who
worked hard to edit this impressive issue containing
most of the lectures presented at the sy mposium.
C. PAUL BOY AN, M .D.

Professor and Chairman,
Department of Anesthesiology
Medical College of Virginia

84

Proper Use of Ketamine and lnnovar*
GUENTER CORSSEN, M.D.
Professor and Chairman, Department of Anesthesiology,
University of Alabama School of Medicine, Birmingham, Alabama

KETAMINE. Success or failure with the use of
ketamine depends largely on three factors :
1. Awareness that ketamine is different from
traditional anesthetics. These differences include the following :
Ketamine, unlike traditional anesthetics
which cause total depression of the central
nervous system, affects selectively pain conduction and perception systems, stimulating
one area of the brain while simultaneously
depressing another ("dissociation") .
Ketamine stimulates the cardiovascular system while traditional anesthetics depress cardiovascular function.
Ketamine has antiarrhythmic properties while
traditional anesthetics do not. They may
even precipitate arrhythmias.

Use of ketamine predominantly in infants
and children up to 14 years of age.
The use of ketamine in adult patients is confined to surgical conditions for which ketamine has proven to be particularly advantageous, safe, and superior to conventional
anesthetic agents and methods ( see under 3).
Narcotic addicts and patients with a history
of chronic alcohol abuse or suffering from
acute alcohol intoxication are poor candidates for ketamine anesthesia because in
these patients even excessive doses of ketamine may fail to control body movements.

3. Limiting the use of ketamine anesthesia to
the following specific surgical areas and conditions:
Surgical treatment of burns*

Ketamine maintains or even exaggerates protective reflexes while traditional anesthetics
suppress them.
Ketamine ensures airway patency, provided
no mechanical airway obstruction is present,
while traditional anesthetics require additional tools and techniques.

Out-patient ophthalmology (tonometry, fundoscopy, gonioscopy).
Out-patient oral surgery (tooth extraction,
surgery on the gingiva).

Ketamine does not produce the traditional
"anesthetized" appearance in the patient, but
rather a characteristic "disconnected" appearance.

Out-patient otology ( myringotomy, insertion
of myringeal tubes, removal of foreign body
from ear canal) .

2. Knowledge of the criteria used for selection
of patients for ketamine anesthesia:

Out-patient plastic surgery (removal of nevi,
suturing of laceration, removal of scars).

* Presented at the 25th Annual Stoneburner Lecture
Series, February 25, 1972, at the Medical College of Virginia, Richmond .
MCV

Neurodiagnostic procedures such as pneumoencephalography, ventriculography, myelography, and carotid arteriography.
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* Patients of all ages may be included.
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Elective orthopedic surgery ( reduction of
congenital hip lu xation, spicacast application) .
Emergency orthopedic surgery ( closed redu ction of fr actures).
R epeated manipul ation und er anes thesia ( irradiation of inoperable int raoc ul a r o r intracra ni al les ions) .
Induction of anesthes ia in high-ri sk patients, including asthm atics, prior to the use
of the princi ple anest hetic. Ketamine-induced cardiovascular stimul ation and its relaxant effect on bronchi al mu scul ature offer
significa nt advantages over conventi onal anesthetic agent s. *
C ardiac cath eteri zation.
Open heart surgery, particul arly in volving
patients with minim al or no cardi ac reserve.
C ardiovascular stimul ati on and a ntiarrh ythmic affe cts of ketamin e offer prime advantages over traditional anesthetics.*
Emergency surge ry in pati ents suffering
from hypovolemia o r shock-lik e conditions.
Ketamine may be used fo r induction or to
enh ance minim al conventional anesthesia. It
offers the advant age of ensuring ca rdiovascul ar support until convention al measures to
control hypovolemi a a nd shock ca n be instituted and become effecti ve.*
Contraindications. Ketamine is contraindicated
with hypertension, histo ry of cerebrovasc ul ar accident , upper respirato ry infection, increased cerebrospinal fluid pressure, abdomin al surge ry, and oth er
surgery in volvin g vi sceral pain ( unless suppl emented
with conventio nal anesth etics).
Technique of Administration of Ketamine.
Pre-anesthetic medication: Infa nts and children
receive scopolamine 0.1 to 0.4 mg, depending o n age
and weight, given int ra mu scularly 1/2 to 1 hour prior
to surgery to counteract ketamin e-induced hypersalivati on. Pentobarbital or secobarbit al ( 0.5 to 1 mg
per pound) may be given fo r additio nal sedation.
Adult patients receive a tra nquilizer with antipsychotic properties, preferably d roperidol ( 1 to 2 ml)
or Inno var® ( 1 to 2 ml ) co mbin ed with 0.4 mg of
atropine administered int ramu scularly 1/2 to 1 hour

prior to surgery. Other combin ati ons of narcotic
analges ics, tranquilizers, and ataractics have proven
less effective as co mpared with the above-mentioned
medication.
Omitting n arcotics or barbitu ra tes in th e preanestheti c medicati on will signific antl y sho rten recovery time. No pre-anesth etic medi cati on is given to
patients undergo ing ambul atory surgery provided
that th e surgical proced ure is limited to 15 minutes.
Indu ction: W ith th e int ravenous route, th e initial
dose of ketamin e ranges fr om 1 to 2 mg per kg depending on the physical state of th e pati ent. It is
reco mmended th at ketamine be admini stered slowly,
over a peri od of 30 to 60 seconds. More rapid admini stration m ay result in respi ratory depress ion .
With th e intramu scul ar route, th e initial dose of
ketamine ra nges from 6 to 12 mg per kg.
Main tenance: Supplemental in crements of 1/ 2
to 1/ 3 of the full inductio n dose may be admini stered
intravenously every 8 to 10 minutes or intramuscularly every 20 to 30 minutes, or wh en movements of
head or extremities indi cate lightening of anesth esia.
Complications. The foll ow ing complications may
be encountered :
T emporary augmentation of pulse rate and
blood pressure beg innin g shortl y aft er injec tion of th e
dru g. This ca rdi ovasc ul ar-stimul ating effect of ketamine may prove benefi cial in cert ain circumstances,
for example, in th e presence of hypotension or shocklike states . In hypertensive individu als, however,
stimul ati o n may be considered undes irabl e or unsafe.
T ransient depression of respiration in res ponse
to ra pid intrave nous injection or in conn ection with
an ove rdose of ketamin e.
Paroxysmal coughing in the presence of upper
respi ratory infection, occurring immedi ately foll owing the initial injection of ketamine and recurring
with supplement al increments.
Vi vid dreaming, with or without psychomotor
acti vity, confusio n, and irrational behavior occurring
du ring emerge nce from anesth es ia. This complication
is more often obse rved in adults th an in children and
in fa nt s.
Tonic and clonic muscle movements resembling
convulsive seizures occurring in cert ain patient s without electroenceph alographic ev idence of seizure activity.
Eryth ema o r morbillifo rm rash occurrin g subsequ ent to th e initial inj ecti on of ketamine. The skin
erupt ion is transient and usually confi ned to face,
nec k, and upper chest.
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Treatment of Complications. Proper pre-anesthetic medication as outlined above may signficantly
suppress or even eliminate most adverse reactions.
This holds particularly true with regard to post-anesthetic emergence delirium reactions. The incidence
and degree of these psychic disturbances can be further minimized by avoiding premature verbal or
tactile stimulation of the patient ( "sensory deprivation") .
Post-anesthetic emergence delirium reactions,
should they occur in spite of proper pre-anesthetic
medication, may be successfully treated with intravenous droperidol-1 to 2 ml. Also recommended
are ultra short-acting barbiturates such as pentothal
or surital administered intravenously at doses of 75
to 100 mg.
Tonic and clonic movements during anesthesia
may be effectively treated with small intravenous
doses (2 to 5 mg) of diazepam (Valium®).
Ketamine does not provide adequate control of
pain originating from the viscera. Therefore, the
drug is not recommended for use as a sole anesthetic
in abdominal or thoracic surgery or where visceral
pain is expected to occur. In order to control visceral
pain, ketamine may be supplemented with other general anesthetic agents.
In summary, ketamine, a phencyclidine derivative, is a unique and unusually safe, effective
anesthetic agent. It is short-acting; it can be given
either intravenously or intramuscularly; it is rel atively easy to control, requiring little in the way
of adjunctive or supportive drugs or devices. It differs
markedly from previously established general anesthetics because of its selectivity with respect to the
central nervous system. Ketamine is capable of simultaneously depressing cortico-thalamic pathways and
activating limbic areas, referred to as "dissociation,"
and the resulting state is, therefore, termed " dissociative" anesthesia.
Profound analgesia is produced without concomitant respiratory depression and without inhibiting reflexes that protect the air passages. The
cardiovascular system is slightly stimulated.
Ketamine has proved to be of unique value in
the anesthetic management of patients, particularly
infants and children, undergoing a variety of surgical
and diagnostic procedures involving the head, neck,
and extremities and those necessitating frequent position changes such as are encountered in neurosurgical
diagnostic procedures and in the treatment of severely burned patients of any age.
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Properly administered and with due regard for
its specific advantages as well as its possible disadvantages, ketamine may prove superior to convention al anesthetic agents and methods in a variety of
specific surgical procedures.
INNOVAR . Innovar is a mixture of two drugs :
droperidol, a butyrophenone derivative, with strong
tranquilizing, antiemetic, and adrenergic-blocking
properties ; and fen/any/, a powerful narcotic analgesic
related to meperidine which differs from conventional narcotics by its high potency and its fast onset
and short duration of action. The two drugs are
mixed in a ratio of 50 to I. When administered intravenously in appropriate doses, a state of neuroleptanalgesia is produced in which the patient is
rendered immobile and insensitive to pain. His face
being expressionless, the patient appears detached
from his surroundings, yet he remains alert and cooperative. Respiratory function is depressed and it
may be necessary to assist or control the respiration
via a face mask or endotracheal tube. If nitrous
oxide-oxygen mixtures are added to produce sleep
and memory deficit, the state of neuroleptanesthesia
is established.
Innovar or its separate component drugs, droperidol and fentanyl , can and will provide optimal
conditions for the patient and surgeon provided
that certain basic principles and rules are observed
along with the use of the drugs which may be listed
as follows:
1. Adherence to minute details with regard to
the technique of administering the neuroleptanalgesic drugs.
2. Employing neuroleptanalgesia and anesthesia preferably in poor-risk, debilitated, or
geriatric patients undergoing major, traumatic, and prolonged surgery, and avoiding
their use in pediatric surgery and in shortlasting, uncomplicated, and minor surgery.
Technique of Administration of Innovar or Its
Separate Components, Droperidol and Fentanyl, to
Produce Neuroleptanalgesia.
Pre-anesthetic medication: Droperidol alone
(2.5 to IO mg, depending on age and physical state)
or Innovar (1 to 2 ml) is given intramuscularly 30
to 60 minutes prior to surgery. Atropine or scopolamine (0.4 to 0.6 mg i.m.) may be added to control secretions.
Induction using Innovar: The recommended
dose of Innovar is 1.0 ml per 25 pounds of body
weight. This may be reduced to 0.5 ml per 25 pounds
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of body weight in extremely poor-ri sk and debilitated
patients. Individu als in good physical state may receive 1.5 to 2.0 ml per 25 pounds of body weight.
In a patient of average weight th e tot al ca lculated
dose of Innovar ranges from 6 to 8 ml. D ebilitated
and reduced pati ents may receive 5, 4 , or 3 ml ,
while patient s in a satisfacto ry physical state m ay
receive 9 or 10 ml. Th e total dose of lnnova r will
rarely exceed 10 ml.
A test dose of I to 2 ml of Innov a r inj ected
intravenously over a period of 1 minute is always
used prior to the administration of the full calcul ated
dose. One to two minutes following th e inj ection of
the test dose, the bl ood pressure is recorded , a nd if
unch anged, th e remaind er of th e dose is administered. A blood pressure drop of more th a n 25 mm
Hg in response to the intravenou s test dose
usually indicates in adequate circulatory volume requiring rapid intra venous infusion of 500 to 1,000 mm
of fluids before proce eding with furth er administration of Innov ar.
Th e compounded tot al dose of lnn ova r m ay b e
administered as follows:
a. Intra venous drip: The solution to be infused
should cont ain 10 ml of Inn ovar added to
250 ml of 5 % dex trose in water or saline.
This mi xture is administered by th e microdrip techniqu e at the rate of 150 to 200
drops per minute. Wh en incre ased somnolence and psychic detachment are noticeable
-usuall y within 3 to 5 minutes after start
of th e infusion-a local anesthetic ( cocaine
5 % , lidoca in e 4 % ) is topically appli ed
eith er by intralaryngeal spray or by inj ection
through the crico-thyroid membrane. Wh en
th e pati ent's respiratory rate has slowed to
10 per minute, th e intraveno us drip is slowed
to 100 drops per minut e. At thi s point ,
psychic indifference is further enhanced, and
analges ia has usu ally reac hed th e optim al
level. The int ra venous drip is th en disco ntinued and the patient is ready for the
surgic al procedure while still responding to
commands such as "take a deep bre ath " or
"open your mouth. "
b. Intra venous injection: The calculated dose of
Innovar is injected intravenou sly in increments of 1.0 to 2.0 ml over a period of two
to three minut es.
Maintenance: In order to hold th e leve l of surgical ana lgesia, fentanyl in doses of 0.05 to 0.1 mg ( 1
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to 2 ml) is administered intravenou sly when ch anges
in vit al signs such as increased hea rt rate, elevated
bl ood pressure, increased respiratory rate, or irregul ar breathing indic ate lowerin g o f the p ain threshold. It is not recomm ended th at Jn novar be administered fo r m aint enance of surgica l analges ia because
of poss ible cu mul ative effects of th e lon ger-acting
droperidol which may res ult in over-tranquilization
postoperatively.
Postoperative period: Usually, analges ia extends
well into the postoperative peri od . Therefore, patients rarely require narcotic a nalges ics for pain relief. If narcotic analgesics a re admin istered , their
dose should be reduced to 114 or 1/ 3 of the usually
recommended dose.
Induction using droperidol and fentanyl as
separate drugs: Inducti on is started with the intravenou s administrat ion of droperidol (0 .15 mg per
kg). The patient 's vital signs are obse rved for 5 to 6
minutes and if no change is noted, an initial dose of
20 to 60 mcg of fentan yl is administered intravenously followed by 20 to 40 mcg doses of fentanyl ,
give n at about two-minute intervals at which time
the patient is considered ready for the operative procedure.
Indications. Neuroleptanalgesia should be limited to p ati ents in whom retention of consciousness
a nd cooperation durin g th e surgica l procedure is
desired. Such procedures includ e: bronchoscopy,
laryn goscopy. and esophagoscopy; neurodiag nostic
procedures such as pn eum oe nceph alography and
carotid arteriogra ph y; cardiac cath eteri za ti on ; stereotactic procedures includin g cryoth alamotomy; resecti o n of epileptogenic focus; ophthalmic surge ry ( in
conjunction with regiona l anesth esia); middl e and
inner ear surgery ( in conjunction with local anesthesia); and oral surgery includin g tooth ex traction
a nd other intrao ral surgical procedures involving the
gin giva and th e to ngue.
Contraindications. Neuroleptanalgesia is contraindicated for ambulatory surgery , surge ry in infants and chi ldren, acute alcohol delirium or history
of alcoholism , and narcotic addicts.

Technique of Administration of lnnovar or Its
Separate Components, Droperidol and Fentanyl, to
Produce Neuroleptanesthesia.
Pre-anesthetic m edicatio n: This is the same as
th at described unde r neurol eptanalgesia as is the
compositi o n of the total dose to be administered for
producing the neurolept anesthetic state.
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Ind11ction: Inn ovar may be admini ste red as fo llows:
a. Intra venous drip: Prepara ti on of th e so lut ion
to be infused a nd indu ctio n are id e nti ca l with
the meth od desc ribed unde r neurole ptana /gesia. A t
the time th e patient shows signs of so mn ole nce
and obtunda tion in response to th e infusion, th e
intrave nous d rip is slowed to I 00 d rops pe r minut e
and continued at thi s rate thro ughout th e anesthesia course. Ad ministration of nit rous ox id e-oxyge n ( 4: 2 ) by face mask is begun , a nd th e pa ti ent is
encou raged to take dee p breath s. Within o ne minut e
the pati ent usuall y lapses into unco nscio usness without excitement. An int rave nous dose o f short- ac ting
muscle rela xant is administered to fa c ilitate e ndotrach eal intubati on and to co unt eract musc le rigidit y
which may develo p during this ph ase. As a rule , th e
patient resumes spont aneo us brea thing within fi ve to
eight minut es. D-tubocu ra rin e is ad mini ste red intravenously at conventio nal dosages if muscle relaxa ti on
is needed fo r surge ry. Wh en ch anges in vit a l signs
indicate lightenin g of a nes th es ia, th e dri p rate is increased until vital signs return to norm al.
b. Intra veno us injection: Simil a r to th e meth od
of neurol ept analges ia, a tes t dose of I to 2 ml o f
Innova r is admini stered intrave nously ove r a peri od
of I minute. Blood pressure is reco rded subsequ ent to
this inj ection and , if fo und esse ntiall y unch a nged ,
furth er increments of I to 2 ml of Innovar are administered intra veno usly at 1- to 2-minute intervals.
By the time th e to tal calcul ated dose has been administered , th e patie nt sho ws signs of drows in ess and increasing tranquili za ti on. While th e pati ent still is able
to res pond to questi oning, th e brea thing mask is
applied and nit rous ox ide-oxyge n, a t th e fl ow of 4
liters of nitrous ox ide and 2 lit ers of oxyge n per
minute, is admini stered. While spo nt a neous breathin g
is increasingl y more depressed , positi ve press ure
ventil ation via the fa ce mask is begun with th e pati ent
responding to th e comm and to take deep breaths. A s
a rule, aft er 5 to 8 breath s the patient lapses into unconsciousne ss with out excitement. Imm edi ately prior
to the loss of co nscio usness, an intrave nous dose of a
snort- actin g muscle relax a nt is admini ste red to fac ilitate endotrach eal intub ati o n a nd avoid th e develo pment o f fentanyl-induced muscle rigidity.
Maintenance: F o r maintenance o f th e neuroleptanesth etic state, administrati on o f nit rous oxid eoxygen ( 4 : 2) is co ntinued. F ent anyl is admini stered
intravenou sly at doses to l to 2 ml (0.05 to 0 . 1 mg )
when ch anges in vit al signs ( increased hea rt rate,
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elevated blood press ure, inc reased respiratory rate,
or irregul a r brea thing ) indi cate lowe rin g of th e pain
threshold . Th e res ponse to th e administration of
fe nt a nyl is us uall y p ro m pt, and signs of in adequ ate
pa in th reshold elevation disa ppea r within 45 to 60
seco nd s. If th e vital sign s co ntinu e to indicate insuffic ient analges ia, a no th er in crement of I to 2 ml of
fent anyl is admini stered intravenously. In an average pati ent , admini stratio n of suppl emental intraveno us fe nt a nyl doses is required at 45 to 60 minute
int erva ls. F enta nyl for ma inte nance of an es thesia may
also be given intra mu scularl y at th e sa me dose as
me nti o ned above. Adequ ate pain threshold elevati o n usuall y is accompli shed with thi s route of admini strati on within 7 to 8 minutes a nd may last up to
2 hours.
In abd ominal surgery or oth er procedures requiring mu scle relaxati on, d-tubocurarin e may be admini ste red a t conve nti onal intrave no us doses .
E m ergence: Return to consciousness is rapid , as
soon as th e administrati on of nit rous oxide-oxyge n is
di scontinued . Within 3 to 5 minut es th e patient is
usuall y in co nt act a nd ca n answer qu estions. If respiratory exc hange is in adequ ate, the endotracheal tube
may be left in pl ace in orde r to mech anically suppo rt
ventil atio n until sati sfactory respiratory function is
rees tablished, at which tim e th e endotrachea l tube is
removed. Levall orph an ( Lorfa n®) may also be given
at int rave nous doses of I mg to counteract fentanylinduced res piratory depress ion. If Lo rfa n fail s to resto re adequ ate res piratory functi o n, other factors
ca using respi ratory depress ion sho uld be examin ed.
Compl ete analges ia usually is maint ain ed for 4
to 6 hours. Nausea and vomiting are rarely encountered.
Indications. Ne urol ept a nesth es ia is indicated for
the foll ow in g: bili ary surge ry for whi ch haloge nated
a nesthetic s may be co ntraindic ated; ma jor, trauma tic, prolonged surgery involving poo r-ri sk patients;
neurosurge ry; cardi ovascu lar surge ry includ ing open
hea rt procedures ; surge ry for orga n transpl ant ation,
particul arly kidn ey transpl ant s; middl e and inner ea r
surgery ; and eme rge ncy surgery involving elderl y,
debilitated, and reduced patients; a nd pati ents in
shock-like states.
Contraindications. T he co nt ra indi cations for
neurole pt anesthes ia a re the sa me as those under
neuroleptanalgesia. In addition, th e use of Innova r
may be co ntraindica ted in asthm atic patients since
it may precipitate a n att ack.
Complications. H ypotension is most commonly
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encountered during induction of neurolepta nes th esia,
indicat in g in adequ ate circulatory volume and in ability of the patient to compensa te for periphera l vasodilatation caused by droperidol-induced alph a-adrenergic blockade. Treatment should consist of rapid
infusion of 500 to 1,000 ml of lactated Ringer's solution or 5 % dextrose in water solution in prefe rence
of th e use of vasopressors.
Excessive blood pressure elevation, th e etiology
of which is und etermined , has occ urred in rare instances. Int ermittent admini stration o f halothane at
conventional concentration s or small int ravenou s
doses of chlorprom azine (7.5 to 15 mg i.v.) have
proved to be effec tive in restoring accept able blood
press m e leve ls.
D roperidol may induce extrapyramidal muscle
acltv// y which may be controlled with antiPa rkinson age nts such as Coge ntin®.
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How Safe 1s Halothane? *
PETER J. COHEN, M.D.
Chairman, Department of Anesthesia
University of Colorado Medical Center, D enver, Colorado

Halothane (2 -bromo-2 -chloro- l , I , 1-trifluoroeth ane) is the most popular inh alation age nt in today's
anesthetic prac tice. Its de sirable properties include
high potency, no nfl ammability, p ati en t acce ptance,
a low incidence of nausea and vomiting, ability to
produce bronchod il atati on, and ease of mainten ance.
Prior to its introduction in 1956, it was subjected
to an intense exa minatio n for bo th general and hepatic toxicity. Although these in vestigati ons disclosed
no evidence of adverse effects, repo rt s of liver
dysfuncti o n after haloth ane administ ra ti o n have appeared constantly in the literat ure. Thus, although
the general safety of this drug continues to be excellent, the clinician is confro nted with a dil emma each
time he elects to use thi s age nt. I ho pe to give some
perspective to this question .
The first thing to und erstand is th at administration of any of the anesthetics currently in use may
be followed by mild and reversible ev idence of liver
derangement. Studies conducted ove r twenty years
ago showed th at administration of diethyl ether or
cyclopropane was followed by significant bromsulfalein retention, a phenomenon also obse rved
when spinal anesth esia was used . Subsequent investigations have shown thi s to be tru e in the case
of methoxyflu rane and haloth ane. Other work has
indicated that clearance of indocya nine gree n ( ICG )
is markedly diminished during anes th es ia. It wo uld
thus appear th at all anesthetics have th e ability to
produce mild and reve rsible ev idence of hepatic
abnorm alities; findings which are probably of no
physiologic significance. This property is shared by
haloth ane.
H alothane also produces reversible abnormalitie s of hepatic mitochondrial functi on. Oxyge n up-

• Prese nted at the 25t h Annual Stoneburner Lectu re
Series, February 25 , 1972, at the Med ica l Coll ege of Virginia, Richmo nd.
MCV QUARTER LY 8(2): 91 -93, 1972

take of mitochondri a stimul ated by adenosine diphosphate is dimini shed in the presence of clinically
effec ti ve conce nt ration s of haloth ane. Haloth ane,
howeve r, is no different fr om meth oxyfluran e, diethyl
eth er, and ethrane which also produce th ese ch anges.
Thus, altho ugh haloth ane has spec ific metabolic effects , it shares th ese in common with other inh alation
agents.
Perh aps haloth ane exe rts its effects th rough
altered hepatic circulation . Studies performed in man
during haloth ane anesth esia indicate th at splanchnic
blood fl ow decreases as mea n arterial pressure is
lowered; !CG clearance is diminished also. H oweve r, when arteri al ca rbon dioxide tension is elevated, spl anchni c vasodilatation occ urs and splanchnic blood fl ow is increased. In spite of the return
of blood fl o w to norm al, ICG clearance remains
depressed . Cyclopropane, on th e other hand , increases arterial press ure while hepatic blood fl ow
is decreased. Again, ICG clearance is lowered. When
hexa met ho nium is infused, splanchnic vascular resistance dec reases and spl anchnic flow is elevated. As
in th e case of halothane, the return of hepatic perfusion to no rm al does not result in a norm al ICG
clearance . Agai n, we mu st consider the abnormality
in !CG clea rance to be a nonspecific anesthetic effect rath er th an th e pathol ogic manifestation of a
low perfusion state. We mu st also realize th at haloth ane does not have a specific effect, and th at this
phenomeno n is observed with all the inh alation
agents.
It is clear th at the m ajor qu estion which mu st
be answered for any anesthetic agent co ncern s its
ove rall safe ty . It is because of this problem th at a
retrospective stud y of anesthetic safety during th e
yea rs 1959-1963 was undertake n. This study, known
as the N ati onal H aloth ane Study, evalu ated th e
record s of 865,5 15 anesth etics. In this group, I 6,840
deaths were repo rted of which 11 ,289 underwent
autopsy. There were two signific ant questions which
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were posed: ( 1) Were there differences among
anesthetic agents and techniques in overall death
rates and in the incidence of massive hepatic necrosis? (2) Were there any differences among anesthetic agents and techniqu es in the death rate or incidence of massive hepatic necrosis when surgery in
the biliary tract was performed? The overall results
of the study suggested that halothane was at least as
safe as the other agents examined . Furthermore, it
was no less safe th an th e other drugs when biliary
surgery was performed.
Although the data suggested that halothane's
safety was at least equal to th at of other drugs and
techniques, a certain nagging doubt persisted . Most
of the cases of hepatic necrosis were obviously
caused by factors such as hemorrh agic shock, sepsis,
or previous transfusion. However, in nine cases no
etiology was obvious and of these, seve n had received halothane . Furthermore, four of these seven
had been exposed previously to halothane. It must
be realized that the National Halothane Study had
an element of volunteer bias in th at several of the
unexpl ained cases of massive hepatic necrosis had
already been published, and most probably the
institution volunteered to participate in the study
because of this. Nonetheless, the possibility was considered th at halothane might be responsible for certain cases of hepat ic dys function .
In subsequent years, a number of events were
reported which indicated th at exposure of unoperated
man to extremely low concentrations of the agent
might rarely produce hepatic abnormalities. It was
from a consideration of such events that the concept of halothane hypersensitivity arose. This theory
stated that halothane is not a direct hepatotoxin. In
the rare cases (the incidence of unexplained hep atic
necrosis following halothane was 1 :35,000), the individual might be hypersensitive or "allergic" to the
agent. This would explain the increased likelihood of
observing the phenomenon after more than one exposure, and might also explain the occurrence in unoperated man receiving sub- anesthetic concentrations
of the drug. Additional support to this theory was
evidence of lymphocyte transformation produced by
incubating lymphocytes of affected man with halothane. It should be noted that many individu als with
what appears to be halothane-i nduced hepatitis did
not show positive lymphocyte transformation. Furthermore, occasional false positive results have been
reported . Thus, although the hypersensitivity theory
is not unreasonable, it should not be considered to
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be the sole explanation of this unfortunate phenomenon.
We have recently studied the concentrations of ·
immunoglobulins in man following surgery per- .
formed during halothane anesthesia. Observations
were made prior to and up to 30 days after surgery;
data obtained was compared with similar studies
when anesthesia was provided by nitrous oxide supplemented with narcotic. No significant changes
were produced by either nitrous oxide-narcotic or
nitrous oxide-halothane. In another group of individuals receiving haloth ane anesthesia, measurements of serum glutamic oxaloacetic transaminase
concentratibn and bromsulfalein retention accompanied the assays of immunoglobulin concentrations.
Although transient abnormalities of hepatic function
were observed, no alterations in the immunoglobulin
pattern were noted during observations lasting as
long as 60 days.
Although these data do not definitely rule out
an immunologic basis for halothane-induced hepatic
necrosis, they do suggest that a systematic immunologic abnormality does not occur usually following anesthesia with this agent. Furthermore , they
indicate that short-lived abnormalities of hepatic
function following halothane anesthesia are similar
to those observed with other anesthetic drugs and
are not the result of immunologic factors . Finally,
these observations furnish a base line should the
opportunity arise to obtain samples from a patient
with severe hepatic failure following halothane anesthesia.
Are there any other mechanisms which might
be responsible? In the past few years, increasing
emphasis has been placed on the ability of the hepatic microsomal system to detoxify a wide variety
of drugs. Many of the inhalation anesthetics, among
th em halothane, are so metabolized . Furthermore,
prior exposure to haloth ane produces enzyme induction which results in a more rapid rate of haloth ane biodegradation. It is not inconceivable th at
abnormal pathways of biodegradation might produce
toxic metabolites which could result in hepatic necrosis.
At the present time, the evidence is not clear as
to what might be the mech anism for the extremely
rare case of halothane-ind uced hepatic necrosis. Indeed , it is still a moot point as to whether this entity
can be definitely proven to exist. However, the
answer to th e question of this lecture can be easily
made. The N ational H alothane Study supplied excel-
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Jent data indicating that in the overwhelming majority of patients the drug is as safe as any currently
used. I would sugges t th at th e mai n factor determining
patient safety is th e individual ad mini stering the
anesthetic rather than th e specific age nt itself. However, although the drug is exceedingly safe, a small
number of patients may be at risk . It is th e tas k of
future investigation to delineate th ese individuals so
as to prevent the occurrence of thi s sy ndrom e.

JOHNSTONE, M . Haloth a ne : the first five years. Anesth.
22:591 , 196 1.
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Health Care and the Anesthesiologist:
Influence and Factors*
ROBERT G. HICKS, M.D.
Imm ediate Past-President, A merican Society of A nesthesiologists
Director, Department of A nesthesiology
St. Vincent's Hospital, New Yo rk , New Y ork

When one as ks me today what are th e specia l
fa ctors th at influence the health ca re delivery of
a nesth esiologists, I am compelled to say th at th ey
are almost id entical wi th those factors which influ ence the deli ve ry of health care fo r all ph ys icians.
T he fi rst and major infl uence is th e role of government. Probably the most be nefi cial imp act of
government ac tivity in th e past decade has bee n
the advent of Medica re in June of 1966. This is an
excellent program which has trul y prov id ed marked
beneficial results fo r the el derly. It has brought more
talented medi cal care to th e aged at a minimum of
cost and , up to now, at a reaso nable reimburse ment
leve l. On th e oth er hand , the Medi ca id or Title 19
activity which was added to the Medicare legislation at th e last mome nt has proven itself to be a
colossal fra ud. This was sim ply overpromising and
unde rfunding. In many areas of the country, insti tuti ons and health care provid ers are un derfunded to
th e exte nt th at billing for services is not wo rth whi le.
Hence, this large poor segment of th e pop ul ation is left with no be tter health care deli very th an
it had before the inception of th e Med icaid propositi on.
A ttendant to the Medica re legislati on was th e
establishment in each major hea lth ca re institution of
a utilization rev iew co mmi ttee whi ch wou ld stu dy th e
effectiveness of medical ca re delivery of its pract itioners. This was gea red to increase produ ctivity of
overcrowded hospi tal faci liti es. In many a reas this
has proved extremely effective. Hospitalization periods have been reduced, ma ny unnecessa ry costs
have been limi ted, and hospi ta l beds are mo re readily
ava il able so th at th ere is a more efficient turn over of
* Presented at the 25t h A nnua l Stonebu rner Lecture
Series, Februa ry 25, 1972 , at the Med ica l College of Virgin ia, Ric hmo nd .
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ac ute care patients. In this regard, one of the ch allenging probl ems affectin g governm ent and health
profess io ns in ge neral is th e accuracy of predicted
de mographic projectio ns fo r th e immediate and remote futur e. A t present , our country of over
200,000,0 00 people has 11 ,000 anesthesiologists and
some 15,000 nu rse anesth etists deli vering anesth esia
care fo r some 15,000,000 major surgical procedures
perfo rm ed in this nation each yea r. Initial projections
before the conce rn with population growth were
th at we should have a total popul ation of some
275 ,000,000 people by 1985. W ith the rece nt changes
in bi rth rate, it is projected th at we shall not have
such a population abun da nce until close r to th e year
2000. This problem ti es in ve ry directly with the
utiliza ti o n efficiency of the numbers of anesthetists,
both anesth esiologists and nurse a nesth etists, th at we
now have in ratio to populat ion and our concerns fo r
projec ting our adequ ate fu ture suppl y. In both of
these areas, manpower has been increasing adequ ate ly over the past decade. One thought has been
to supply ph ysicians' assistants in this area. T here
are several schools wh ere ph ysicians' assistants in
anesth esia a nd job identifica tion of anesth esiologists'
func tions are being developed. I ca nnot conce ive that
thi s is a uni ve rsal need, fo r the physicians and nurse
anes thetists a re prese ntly do ing a most adequ ate job
and have a depth a nd scope of info rm atio n which
leads to a more adequ ate judgment so necessary for
qu ality patient care in th e operating amphitheater. In
a study of ten hospitals conducted by the American
Society of Anesth esiologists in 19 69 and repeated in
1970 with alm ost ident ical res ults, the surgical anesth esia co mmittee of th is society fo und th at the operating room efficiency in terms of o perating rooms
utilized pe r ma n hour of an esthesiologists and anesth etists avail a ble and per eight-hour working day was
somew hat below 50 % . E ffi ciency seemed to increase
M CV QUARTERLY 8(2): 94-96. 1972
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with the increase in hospital size, and where a teaching setting was involved. In such institutions the mode
curve ran as high as 55 to 60%. It stands to reason,
therefore, that with our present numbers we can
simply double our efficiency and effec tive delivery
of health care by a more careful scheduling of operative procedures. The anesthesiologist has extended
his arm outside of the operating room, particularly
in intensive care, emergency care , and coronary care
facilities. It is here that his specia l talents have
proved so successful. It is here also that the immedi ate continued attention of th e anest hes iologist
is not necessary in the sa me degree or in the same
manner as 1t 1s necessa ry in the operating room. It
is here, therefore, th at I believe a physician's assistant in anesthesiology will be a very effective
mechanism for improvement of anesthesia care in
general. Studies in the effective utilizat ion of operating rooms and demographic projections of manpower within the speciality are prese ntly being continued under the auspices of the American Society
of Anesthesiologists.
"Peer review" is something everyone seems to
be talking about. There does not see m to be a consensus of application with the exception that everyone understands it is a quality analysis of the effectiveness of the health professional, both in terms
of the capacity of his professional competence and
his socio-economic delivery. Needless to say, any
regul ation of the qu ality of the profession al activity
of physicians and other professionals can only be
effectively established by those profess ionals th emselves. No lay government burea ucrat can expect
to succeed in this area. They have neither the
knowledge nor the know-how.
One of the most recent influences in he alth
care delivery th at is affecting the government, the
patients, and the anesthesiologists as well as physicians in general is the mounting cost of malpractice . When I started in medical practice so me
twenty-odd-years ago, my premiums for $100,000$300,000 malpractice coverage were $102.00 per
year. Today, in New York, a policy with $2,000,000$6,000,000 coverage, which is necessa ry because of
the frequency and increas ing fe es of malpractice
defense, is $6,000 per year. This has bee n one of the
most troublesome areas in rising costs of medic al delivery by professionals. The profession al cannot be
expected to absorb all of this expense, and a great
deal of it has been passed on to th e patient as evidenced by increasing fees. M alpractice coverage
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costs have also increased health costs in general by
creating the need for more expensive laboratory
tests and by limiting a certain professional therapeutic act ivity to very costly methods where there
is a high degree of safety. At present, th ere is a
presidential commission studying this problem. All
we can say is th at we urge their haste before malpractice premiums raise the rate of health care delivery beyond any re asonable expectation.
There has been a recent surge toward prepaid
clinic development. This is taking several different
direc tions . Basically we are talking of that which is
known as he alth maintenance organizations. These
may be institution al and they may be individual.
The Department of Health , Education, and Welfare
over th e past year has been actively involved in the
development and planning of such HMO's on a pilot
bas is. Needless to say, of the eleven functioning at
this time all are in serious fin anci al straits, with one
exception, and a much more ex tensive review of
this HMO problem and projection of financi al operation must be undertaken before any reliable results
might be expected.
The second major influencing factor in health
care delivery in the United States is the activity of
the American Medical Associ ation. I think it is
import ant to say that there has been a great swing
in th e philosophy of activity within this organization,
particul arly regarding scientific and educational opportunities. This has been all for the good. The most
interesting of the changes is in the fact that as of July
of this year, the specialty organizations within medicine will take over most of the responsibility for
scientific progra mming at annual and clinical meetings of the AMA.
There also has been an extension of the lines
of communication within the AMA between th e
medical specialties and the officers, trustees and
delegates . The first of these has been the development of the Section Councils which will be chosen
for th e most part by the parent specialty organizations. It is the se Section Councils that will augment,
authorize, and be responsible for the scientific activities prese nted as educational efforts of the AMA.
The second line of communication has been the
development of the Interspecialty Committee of the
AMA's Board of Trustees so that specialties now
have direct representation and voice channeled to
th e trustees of the organization. This provides for a
rapid, informed dialogue between both organizations
involved and the specialties at large.
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Another import ant change in the Am erican
Medical Association has bee n the ac ti vit y of its
Council on Educ ation. Th e Council has bee n instrume nt al in impl ementing the thinkin g published
in th e Millis Report. As you all know , intern ships
are bein g phased out. Th ere is an attempt to short en
the medical curriculum. In this rega rd . the AMA ,
the American H osp it al Association . Th e American
Association of Medic al Colleges, Th e Am eric an
Medical Specialty Boa rds, and the Council of Med ical Specialties Socie ti es are in th e process of agreein g on a projected development of li aison committees
fo r undergrad uate and pos tgra du ate medic al education. Th ere is no doubt th at their thinking will
eve ntu all y ex tend to Continuing Ed uc ati o n and to
Allied H ea lth Profess ionals with th e deve lopm ent of
li aiso n committees in eac h of th ese groups together
wi th represe nt ati on from each of th e parent orga ni zing groups. O ve rsee in g all of thi s will b e a coordin at in g council which will have represe nt ation fro m eac h
of th e li aison committees and will be respo nsible as
a single voice for medicine to the United States C ommi ssioner of Education. This wi ll prob ably prove to
be one of the most effecti ve links American med icin e
has eve r had for a producti ve coordin ated deli very.
Of course, it is import a nt at thi s tim e to realize th at
th e ea rl y loc kin g-in of a yo un g medica l specia li st,
whether he be in o ne of th e su rgica l. medica l. or
fa mily practice spec ialti es, m ay influence th e ab ility
of futur e grad uates in medicine and postgrad uate
trai ning in their a bilit y to pass present medica l exa minations. Th ey may not easily swin g from one med ica l
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specialty to a nother with the sa me freedom of license
to practice medicin e . Consequently, there are many
areas now where it is thou ght th at an M.D. degree
might eve ntu all y have to be modified so that it would
speci fy a particul ar parameter of act ivity such as a
med ica l specialty. H e nce, in th e futur e one might see
M.D. (Ane sth es iol ogy) or M.D . (Surgery). This will
also probably ca ll for a complete ch ange in lic ensing
exam in ati ons on a nati onwide basis unless there is
a very adequ ate and bro ad dep th of medica l information fund ed to a young medic al graduate with
a fo resho rten ed curriculum who is locked into a particul a r spec ialt y ea rl y in hi s med ica l existence .
Th e third m ajor influence on hea lth care delivery of anesth es iology is th e Am eric an Soci ety of
An es thesiologi sts. This is a national federation of
twe nty-four compon ent soc ieties . It is extremely
effec ti ve organizationally as a unifying force for education, for com bin ed efforts, and for th e produ ction
of sta nd a rd s within th e spec ialty. The ASA is also a
very effec tive li aiso n o rgan iza tion with the other
specia lti es of medi c in e and with gove rnm ent where it
speaks with one voice. It has just adop ted a requireme nt for Co ntinuin g Education for continued membership.
In summ ary, th en. let us say th at th ere are ma ny
fac tors influ encing hea lth care deliv ery of anesth esia in th e United States. Th e peopl e of this
cou ntry expect improved deli ve ry o f med ic al care.
Th e med ic al profess ion sta nd s ready to do its part.
And it expects the gove rnm ent to ass ume its liability.
Simply stated. that means adequ ate funding.

The Anesthesiologist-Anesthetist Tearn*
BERNARD A KUZA VA, C.R. N. A
Assistant Professor of Anesthesiology,
Chairman, Department of Nurse Anesthesia,
School of Allied Health Professions,
Medical College of Virginia, Richmond, Virginia

How ironic it is that we should be prese nting
the team concept of anesthesia practice at a conference whose format is " What Is New in Anesthesiology. " Ironic because the team concept is not new in
medicine in 1972. It has evolved in many areas
with outstanding success in all. For example: coronary care units could not function so efficiently and
excellently without teamwork; patients requiring
acute and chronic respiratory care would probably
be doomed without a team of physicians, nurses ,
and technicians; and stroke victims requiring the
expertise of the physician during the acute phase of
their illness, could not realize their full potential once
again without a team of nurses, speech therapists,
physical therapists, and other Allied Health Professionals. So also in anesthesiology, the concept of a
team of anesthetists and anesthesiologists must
evolve to enable us to adequately meet the needs of
our consumer-the patient.
Let us for a moment digress and think about
the patient, after all he is the reason why we do
what we do. Have you noticed how sophisticated
he has become lately? Insurance companies certainly have. No longer are we afforded the luxury of
mysticism in medical practice. Medical knowledge,
little as it may be, is possessed by a significantly
greater segment of the population than ever before.
The patient now demands his money's worth from
the high cost of medical care. Magazines and newspapers, such as the Wall Street Journal, with their
tremendous circulations make sensational headlines
about the occasionally disastrous, albeit rare, effects
of drugs or therapy. When reading such information,
the patient more often than not becomes actually
• Presented at the 25th Annual Stoneburner Lecture
Series, February 25, 1972, at the Medica l College of Virginia, Richmond
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more misinformed than informed. Nevertheless, he
takes this information (or misinformation) to the
hospital with him practically demanding that we
guarantee him safe passage through his illness.
Anesthesiology has by no means been able to
escape the well-informed patient. In fact, it seems
to me th at as a specialty we have been practically
singled out by the intellectual patient and his attorney. With the increasing onslaught of medical
pseudo-education available to the consumer and our
lack of ability or de sire to set the record straight
for him , our clinical judgment in many instances is
in jeopardy of being compromised by our legal
judgment. Because of the more sophisticated consumer and the trend towards team medicine in general, it is absolutely essential that where physicians
and nurses work together to deliver this health care
se rvice they do so as a team.
Unfortunately, the team concept is not commonplace in anesthesia today. This situation preva ils because relations between the anesthesiologist
and the anesthetist have not been good over the
years. Anesthesiologists have claimed that they
should be the only professionals to deliver this type
of health care; nurse anesthetists have made similar
claims. Anes.thesiologists have not enjoyed the prestige that their colleagues in surgery or other specialties have received. After all, what self-respecting
doctor would want to devote his professional life to
the same task that could be performed just as well
by a nurse? On the other hand, nurses have not enjoyed the greatest acceptance into the specialty by
their colleagues who, to this day, do not consider
schools of anesthesia as offering post-graduate nursing education. Animosity and bad relations have
through the years been the rule rather than the
exception betwee n CRNA's and M.D. 's. In many
local areas today , nurse anesthetists feel threatened
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by the presence of anesthes iologists and vice ve rsa.
We cannot deny that in so me areas the re is good
reason fo r these fee lings to ex ist. Un ethic al p ract ices
on the part of both groups have not served any
benefici al purposes except th ose of th e p ractitioners.
In 1970, the Americ an Soc iety of Anesthes iologists invited seve ral nurse a nesthetist educ ato rs
to participate in a sy mposium conducted at the
annu al meeting. I was honored to have bee n the
first speaker on th at progra m, and at th at time I
saw great hope fo r the future inte rrelati o ns of our
respecti ve groups. My view has not c ha nged in 1972 .
R ecent steps taken by both the A merican Assoc iation of Nurse Anestheti sts and the Am eric an Society
of Anesthes iologists to assure better relati ons between the two have co nvinced me that a tea m of
well-t ra ined nurse anesth eti sts and anesthes iologists
is the single best a nswer to the ch all enges th e future
will bring.
The trend towa rd development o f p rograms
to train nonprofessional anesthes ia technicia ns to
supply manpowe r in thi s health ca re a rea is in my
opinio n an unnecessa ry endeavor a nd a mi stake.
There is no shortage o f applicants to our p rogra m
fo r nurse anestheti sts, and I a m sure this situ ati on
exi sts in most other schools as well. There is, howeve r, a limit to ava il able space in all schools,
and thi s will probabl y co ntinue as long as the teac her
short age ex ists a nd until mo re faciliti es are co nstructed . Th e establishm ent of technical programs to
educ ate ass ista nts whose functions a re limited , backgrounds di ve rse, moti vati on uncert a in, a nd whose
pl ace is still ill-defined is beyond my co mprehension.
Anesthesiology is the one speci ality which has
had fo r yea rs ph ysici ans' idea l ass istants but has
failed to utili ze them . Nurse anesth eti st p rog rams
have evolved to high degrees o f excell ence th rough
th e efforts of many talent ed indi vidu als, a nd th e full
potenti al of these p rograms is still to be reali zed. The
awarding of an ac ade mic degree in conjun cti on with
professional certi fica ti on is now a reality. This trend
must and will co ntinu e. U niversity offi cials are
now beginning to recogni ze th eir obliga ti on to
educate as well as train nurse a nestheti sts so th at
they may not onl y be prepa red fo r clinical p ractic e,
but also be qu alified by degree to teac h oth ers in
the fi eld. In short , the nurse anestheti st and anesthes iologist learnin g toge th er and practi cing togeth er are
th e future of anest hesia hea lth ca re delive ry in thi s
country.

How is suc h a team to be suddenly implemented after yea rs of indifference? Th e a nswe r is
both compl ex a nd simple. It requires maturity and
a rea li za tio n of limit ati ons, ca pabilities, and potenti al of all membe rs of the group .
Just as a fo otball tea m requires a quarterback
to call signals and make pl ays, so the an esthesia
team requires a leader. The qu a rterb ack of the anesthesia team is acknowledged to be the phys ici an;
howeve r, without linema n for defense and pass
rece ive rs to ca rry the ball , the qu arterback would
not get ve ry fa r befo re being inund ated by the
oppos ing line. In our anesthes ia team, the nurse
anestheti st backfield oft en c arri es the ball. Neve rtheless, we must never fo rget th at in all successful
football teams the qu arterb ack has been not only a
pl aymake r, but also a scrambler who is capable and
willing to take th e ball downfie ld himself.
The Anesthesiologist. An important part of
res idenc y tra ining, it would seem to me, should be
spent in learning how to supervise. This is the most
neglected ph ase of res id ent te achin g, but its importance mu st not be und erestim ated . All too oft en
the a nes thes iolog ist find s himself in a situation where
he is responsible for two or three operating roo ms
at one time. If he has ex perienced thi s during hi s
res idenc y, he will be much better prepared to act
as the consult ant and oversee r of the anestheti sts
who a re actually admini sterin g th e anesthetic s. I
submit th at it is muc h mo re difficult to supervise
two or three anesthetic administrati o ns than to be
respo nsible fo r the ac tual admini stration of onl y o ne.
If th e anesthesiologist is to be a n effective
su pe rvisor, he mu st be an acco mplished clinician.
C urrentl y, most residenci es o ffer an abund ance of
clini cal ex pe ri ence, thereby meeting thi s requirement. The a nesthes iologist mu st kn ow the probl ems
of the indi vidual patients whose a nestheti cs he is
supervising. This knowledge can be ga ined during
the preoperati ve visits. He mu st be able to id entify
which of the se pati ent s is most lik ely to require the
cl osest attention. Fin ally, he mu st know the limitati o ns and capabilities of the indi vidu al a nestheti st
ass igned to admini ster the a nesthetic s. This all impo rt ant knowledge will enable him to provid e all
of th e pati ents with th e best poss ibl e care ava il able.
Te aching the res id ent to supervi se would be
best acco mpli shed in the latt er pa rt o f the fin al year
of a two- or three-yea r res id ency. At this tim e. th e
clinical ex pe rie nce should be adequ ate and the
kn ow ledge of indi vidu al capabilities should be kn own.
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It would probably be best to assign the resident
supervisor to cases which would be performed by ex' perienced staff members rather than other students
or residents in the department. Experienced staff
members are generally more mature, and rapport
with them can be established more easily than with
students who may not readily accept supervision by
someone other than the clinical instructors and attending physicians with whom they are accustomed
to working. Also, the beginning supervisor should not
have the added burden of work ing with inexper ienced
persons while he himself is learning. In my opinion,
teaching proper clinical supervision to residents is
a necessary part of anesthesia education and a must
if the team concept of anesthesia care is to be
successful.
The Nurse Anesthetist. With the organization
of colleges of Allied Health Professions, nurse anesthetist programs have finally found a place where
they can grow and develop independently, yet in
conjunction with the university. A program based
in Allied Health can offer students the benefits
of university level basic science courses for which
academic credit can be awarded. No longer must
the nurse anesthetist program be chained to the
hospital where the temptation is to utilize its
students to provide service in return for education.
The potential for obtaining federal funding for such
programs is yet to be put to the full test; however, a
program structured within the university will be in an
extremely good position to obtain such funding when
it is available.
I am, of course, vitally interested in sound
education for nurse anesthetists . I am devoting my
professional life to seeing its development progress.
At the Medical College of Virginia, we are committed to elevating standards for nurse anesthetist
education. With the cooperation of the University
officials, we are seeking to develop a meaningful
curriculum around which we will train and educate
the nurse anesthetist of the future at the baccalaureate level. My colleagues in similar positions
are no less dedicated. We foresee the day when all
Schools for Nurse Anesthetists will have faculties
trained at the university-based schools, with the
credentials to provide sound educational experi-
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ences for their students. We foresee the day when all
nurse anesthetists will be assured of equivalent education. We encourage the cooperation and guidance
of the American College of Anesthesiologists to play
a greater role in the development of these programs.
It has been said that an anesthesiology residency cannot be successfully conducted within a
hospital where nurse anesthetists are also being
trained . I believe we have shown that it can be
done. If anything, dual programs can serve to reinforce and complement each other, and it is the most
practical way to develop the attitude of team practice at an early stage. Nurse anesthetists and resident s trained together quickly see the advantages
of each other. This serves to develop a healthy attitude among the trainees working together.
Currently, our nurse anesthetist program requires a two-semester intensive basic science course
during which clinical experience is limited to developing basic techniques. Following this, the students' education is oriented to the clinical situation
where they spend a period of one year administering
approximately 750 anesthetics. The clinical instruction also includes affiliation with community and military hospitals so experience may be gained with all
types of anesthesia techniques in various environmental situations. We would like to think that this
program will serve as a model for emerging university-based programs. At the same time, however,
we stand ready to learn from others if such learning
will improve our standards.
In summary, I call upon anesthesia educators
to abandon technician-training programs and instead
help us develop nurse anesthetist programs to a
higher level nationally. Let us remove our finger
from the panic button and begin working together
as a team , acknowledging our shortcomings and limitations. The time for us to establish the strongest
possible ties both in our educational systems and
our service-oriented institutions is right now. Mutual
respect and cooperation are the keys to a smooth,
efficient operation of an anesthesiologist-anesthetist
team. And finally, let us be certain that the next
meeting with the format of "What Is New in Anesthesiology" does not require a lecture on the anesthesia team.

Anesthesia, 1972*
C. RONALD STEPHEN, M. D.
Professor and Chairman , Department of Anesthesiology ,
Washington University School of M edicine,
St. Louis, Missouri

Implied in a titl e such as thi s one is an obligation to determine the prese nt "state of the art," o r
science, if you will , a nd to elucid ate, in a manne r
of speaking, where we a re, why we a re, and in
whic h direc ti on we may be go ing. T o perfo rm such a
function in perspecti ve, we must return to the past.
Then one wond ers, how fa r into the past? H ow
much of the past is rea ll y relevant to today?
Our refl ec ti o n will go back thirty yea rs to 1942,
in Mont real, Canada, to the sphere of McGill U niversity. In those days, Mo ntreal was on a full wartim e basis: there was rati oning of food and gasoline;
soldi ers, sa il ors, and airm en were nudging eac h
other on the streets; the news o n the rad io was
grim exce pt for th e occas ional spa rkle a nd lift fro m
Winston Churchill ; and in the mid st of thi s, fo ur
young men, of who m o nl y o ne is ali ve today, had
been directed by the Ca nad ian A rm y to pursue a
course in anesthes ia. The instructors have now become lege nd . Wesley Bourne was a teac he r supreme,
whose every sentence a nd intonati o n added knowledge to those who would listen, whose every movement at the head of the table was a superb action
on a stage . Digby Leigh was the man who breat hed
life into the pedi atri c pati ent wh en it would appear
none was there; he is the man who fo rged the subspecialty of pedi atri c an es thes ia to ma ke it wh at it
is today. A nd Harold R . G riffith who is best known
to all of us, probabl y not because of hi s qui et, lovable, un assuming, Roc k-of-Gibralter charac ter , but
because in th at year, 1942, he demo nstrated to the
world th at cu rare, o r intocostrin , as the preparati on
was called, could produc e reve rsibl e relaxation of
muscles and so immeas ura bly aid the perfo rm ance
of anesthes ia and surgery.
• Prese nted at the 25th A nnu al Sto neburne r Lectu re
Series, Febru ary 25 , 1972 , at the Medica l Coll ege o f V irginia, Ri chmo nd.
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In pass in g, it is worth noting th at " Uncle"
H arold, as he is known, was prim arily a clinician.
If he had bee n a habitue of the laborato ry, the introduction of cura re int o practice mi ght have been
delaye d. Doc to r Lew is Wright , the eminent anesth es iologist fro m New York, had told him that cu rare
had a bad record in dogs, producing marked salivation a nd significa nt hypotensio n. But Dr. G riffi th,
with hi s clini cal ac um en, recogni zing th at hum a ns
a re ind eed d iffere nt fro m dogs, assayed th e d rug
in his pati ents, hi s surgeon brother be in g a cooperati ve partn er, and fo und it not wanting in des irable
attributes.
It is fa ir to say that 1942 was a major turning
point in our philosophy co ncerning anesthes ia care
fo r pa ti ent s. Today it is rare fo r a pat ient to und ergo
major surge ry with out th e benefit of mu scle relaxant
dru gs. But oth er fac tors helped to shape the dest iny
which makes a nesth es ia th e ind epend ent specialty
it is at prese nt. Out of th e mi sery and suffe ring of
th e Seco nd Wo rld War was spawned th e a nesthes iologist as a specialist ; the ma n o r woman who
could prese rve vit al fun ctio ns both during and
after the ordeal of surge ry, the individu al who could
balance, by dint of pharm acologic knowledge, a mi xture of dru gs, no ne to a tox ic level, which would
provide the co rrect deg ree of hypnos is, anal gesia,
mu scul ar relaxat ion, and obtundati on of refl exes for
the perfor mance of surgery.
The ubiquitous cautery force d a change in the
hab its of the anesth eti st also. The stand ard ethyl
ether, which had se rved so well for so long, and the
almost a ngelic properties of cyclopro pane we re
pushed int o th e background , albeit with some measure of di staste in ce rt a in qu arters. Th e valu e of
int ravenous narcotic a nalges ics, to suppl eme nt the
a nalges ia of nit rous ox ide, beca me establi shed first
in 1953, a nd the n wi th a vengeance in recent times.
Bu t in th e interim ca me the ove rwhelming tide of
MCV QUARTERLY 8(2): 100 -106, 1972
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the halogenated compounds best exemplified by
halothane, which to some anesthetists has been all
things to all patients, except for a little thiopental
and muscle relaxant thrown in from tim e to time .
This period of growth and development was
paralleled by a sharpened interest in what effects
anesthetic drugs had on the vital functions of respiration, circulation, and renal and hepatic metabolism.
Sophisticated experimentation in laboratories became the order of the day, and much valuable
insight has been gained . In the operating rooms,
monitoring has become a concomitant of drug
administration, and the variables assoc iated with
arteri al blood determinations and central venous
pressures, to say nothing of an infinite variety of ventilators, are lending an aura of science to our pursuits.
And so we come to February 25 , 1972. Where
do we find ourselves today? If one looks at this program, if one listens to any series of papers discussing
anesthesia practice, one finds a querulous note, a
feeling approaching dismay, an uncertainness of attitude, a tone of belief that almost encourages disbelief. It appears th at we are standing on the brink
of change. But what change and in what manner?
As one surveys the scene, it is di scouraging to
see that a significant mortality still is attached to
the process of anesthesia. One out of every 2,000 to
2,500 patients who submits to anesthesia becomes a
statistic due in part to what anesthetists do or do not
do. However effective the anesthesia administered, it
is still not safe to the degree to which air travel, for
example, has become. As a matter of fact, the risk
of anesthesia tod ay is probably of the same order
as it was in 1942. There is pride th at more extensive
surgical procedures can be accomplished and that
the elderly can survive a sojourn in the operating
room, but cardiac arrest carts seldom manage to
accumulate dust, and the morbidity-mortality conferences are still an active feature of training programs.
Of course, an element of risk will probably
exist until the secret of the state called anesthesia
becomes unraveled to some extent. Whatever we do
now is associated with physiologic trespass, and
what is needed is specificity of action th at will not
be associated with deterrents such as cardiovascular
or respiratory depression.
We are losing faith in cherished pharmacologic
traditions. Until seven or eight years ago, the stability of the inhalation anesthetics, except for trichloro-
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ethylene, was accepted as an inviolate statute. Then
it became recognized that biodegradation was a
problem with which to reckon, and that such metabolism could be influenced by numerous factors.
Some of these were perhaps genetic in origin, some
were related to other dru gs acting as enzyme inducers, and at times even an anesthetic was ac ting
as its own inducer of metabolism. The full significance of the fact that so-called stable anesthetics
can be metabolized has yet to be delineated, but
in th e mea ntime th e caution fl ags are being displayed,
and our former confidence in these drugs is being
shaken.
Not so many years ago, America's leadership
in pharmace utical discoveri es was second to none.
In 1958, for exa mple, some 60 di agnostic and th erapeutic compounds were marketed; by 1969, howeve r, this number had dwindled to five or six. The
principal stumbling block in this decline and fall has
been the federal Food and Drug Administration.
Efforts to satisfy the requirements and demands of
this agency relative to a New Drug Application have
become so frustrating that few pharmaceutical companies believe realistically that the time and work
involved are worth the problems which must be
surmounted. Anesthesiology is one of the specialities
suffering from this frustration . The situation at the
moment is that a number of new drugs are in
actual use in many parts of the world but are not
available to physicians in the Un ited States. For
example, a new muscle-relaxant drug, pancuronium,
has supplanted d-tubocurarine in a number of countries, and bupivacaine, a long-acting local anesthetic,
has been heralded in Europe; but both drugs are
banned from general use in this country at the moment. Inability to participate in clinical trials of
therapeutic compounds has dampened the enthusiasm of many anesthesiologists.
Also of deep concern to practicing anesthesiologists is the almost lackluster interest in the specialty
by both the public and neophyte physicians even
though, and perhaps because, our malpractice premiums are the highest in the medical profession,
ranking with those of our surgical colleagues. It is
discouraging to see some of our leaders forsaking the
field for administrative pursuits. Paradoxically, others are fleeing the operating room to become specialists in intensive care or inhalation therapy. The
rationale for this escape is that the graduating medical student is more likely to be attracted to this
specialty if the anesthesiologist accepts more re-
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sponsibility outside the ope rating room, if he becomes recogni zed as th e authority in acu te medicine
th roughout the hospital. But wh at about the pati ent
with the "cardi ac a rrest" bac k in the operating
room?
Because of the fo rego ing, it is app ropriate to
say that in 1972 eve rything in a nesthesiology is not
wine and roses. No r is it, o f course, in the enti re
medic al pro fession. The spec ter of Nati onal Health
Insurance hangs heavy in the offi ng, the pee r rev iew
system is rea ring its he ad , and the rece rti ficati on
threat is ru ffl ing the equili briu m of so me. Bu t how
can we set ou r sights in anesthes ia so as to rid ourselves of th e indec isions, the fr ustrati ons, the lac k
of sati sfac tion with what we are do ing, and move
fo rward to p rov ide safe pain reli ef fo r all pati e nt s in
this country?
As noted, the a rse nal of dru gs upon whi ch we
have come to rely is be in g reduced in nu mber and
breadth of application. A nd o ne find s a tre nd in
ma ny ce nters towa rd the use of drugs whi ch a re
admini stered parente rall y. It is perh a ps wo rthwhil e
to ex pl o re thi s shi ft to see if indeed safe a nd effi ci ent
anesthes ia can be prov ided by thi s means.
Fo r purposes of di sc uss ion, ce rt ain ground rul es
wi ll be established which will serve to shape the
nature of the sea rch . F irst, let us suppose potent
inh alati on anesthetic s will be d iscarded. Second, it
wi ll be assumed th at th e a nesthet ists c an adequ ately
ass ist or co ntrol ve ntil atory exc hange. Third , a primary aim will be to ma int a in card iovascular dyna mic s, with prese rvati on of the p reex istin g blood
press ure and, one ho pes, perfu sion of blood to th e
orga ns in th e no rm al prefe rent ia l manner. Fourth ,
th e ce ntral nervo us system will be suffi cientl y obtunded so the pati ent will have no memory o f the
anesthetic o r surgical procedure, a nd pain ful stimuli
will not be reflec ted in abnorm al refl ex reacti ons.
F ifth, adequ ate cond iti ons will be p rov ided fo r th e
contempl ated surgery, with suffi cient signs being presented ea rl y to ind icate the need for blood volum e
repl ace ment. And last, there will be rapid restorati on of central ne rvous syste m functi on at the conclusio n of surgery, with th e pati ent oriented to tim e,
pl ace, and person, and show ing evide nce of norm al
respi ratory and cardi ovasc ul a r fun cti ons. Idea ll y,
analges ia will be ex tended into the postoperati ve
peri od.
Actu a ll y, the re is nothing rea ll y novel in these
a ims. In 1953, in L ive rpoo l, E ngla nd , Cec il Gray
desc ribed in detail what has co me to be kn own as
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th e " Li ve rpool Tec hnique," wh ic h incorporates a
" slee p" dose of thi opent al, app rox im ately 250 mg
fo r a 70 kg adu lt ; a mode rate dose of d-tubocurarine
( 35 to 40 mg) to fac ilitate e nd otrac hea l intubation
and p rov id e mu scle relaxation; and a 70: 30 highfl ow mi xture of nit rous ox ide a nd oxyge n, plus
hyperve ntil ati on, to p rov ide a nalges ia a nd central
nervous system obtunclati on. The hyperve ntil ati on is
important in thi s sequenc e as it contributes to the
ce rebral obfusca ti on. A nesthes iolog ists in A merica
have qu esti o ned thi s tec hniqu e on several counts.
T hi opent al is a di rect ca rdi ac depressa nt and is capable, eve n in small closes, of p roduc ing cardi ovasc ul ar dep ress io n, parti cul arl y in ge ri atric patients.
Relati vely large closes of cl-tu boc urarine can also
produce ma rk ed redu cti o ns of blood pressure in
so me pa ti ents , parti cul arl y when used in associatio n with thi opent al. Administra tion of only 30 %
oxyge n, especiall y in pati ent s with preex isting pulmonary dys fun cti on, has bee n show n to result in
c riti call y low arte ri al oxyge n te nsions durin g the
course of anesthes ia. H yperve ntil atio n, if carried to
th e po int of reduc ing a rte ri al ca rbo n d iox ide tension
to less th an 25 mm Hg, may result in a d egree of
ce reb ral hypox ia. A nd fin all y, there a re a number
o f re po rt s in the literature which attest to the fact
th at with th is tec hnique pati ents c a n on occasion
rec all eve nts whi ch transpired during surgery.
Because of q uesti ons suc h as these, anesthes iolog ists a re modi fy ing th e ir. app roach to the Live rpool T echni q ue. T he basic soundness of using
nit ro us ox id e fo r its amn es ic and analgesic prope rti es is not be ing qu esti o ned , a nd indeed it fo rms
th e fo un dati o n upon which the a nesthetic struct ure
is mo unt ed. (Incid ent all y, th ere is no evidence at
the mo me nt th at nit rous ox ide undergoes bi oclegrad ati on in the body.) H owever, it is recogni zed th at
nit ro us ox id e is not all things to all pati ents and that
the degree of amnes ia and analges ia which it confers
va ri es fro m one person to a noth er. Moreover, its
ac ti ons a re dose-related, so th at if it is beli eved
necessary to prov id e a pati ent with 4 0 or 50 %
oxyge n during surgery, the benefit s from nitrou s
ox ide will be reduced accordingly.
One of th e more strikin g applica ti ons of an
intrave nous d rug to modern surge ry has bee n the
use of the tried- a nd-tru e morphin e in o pen hea rt
procedu res, ce rt a inl y a type of surgery which taxes
the sk ill o f all co ncerned. The d oses empl oyed a re
not ni gga rdl y ( 1 to 3 mg per kg ) , and there is now
reasonable ev id ence th at, at least in the no rm al
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heart, doses of this order have little effect in depressing cardiac output. However, problems can arise
with this approach. Some patients in incipient cardiac failure develop hypotension with only small
doses of the drug, and careful titration is necessary.
Although the analgesic properties of morphine are
obvious, its propensity to produce amnesia is not
great, and one wonders at times about recall by the
patient. Another difficulty which is seen frequently,
particularly in patients having coronary artery bypass procedures, is a worrisome degree of hypertension. There is concern about such increases in
blood pressure; something which we have not had
to worry about since the days of cyclopropane . One
wonders if there is to be an alteration of blood pressure under anesthesia whether it is safer to have
an increase rather than a decrease of 30 to 40 mm
Hg. The reason for the increase in blood pressure
is unknown at present. The two most likely causes
are an augmentation in cardiac output and / or peripheral vascu lar resistance. The underlying etiology
could be an increase in catecholamine release, perhaps due to the direct action of the drug or to reflex
responses , which would imply an inadequate degree
of anesthe_sia. Whatever the reasons, various ways
of reducing the blood pressure have been employed.
The administration of a low concentration of halothane (0.5 % ) is corrective, perh aps because of
its sympatholytic effect or because of the added
anesthesia it provides. The ganglion-blocking action
of trimetaphan (Arfonad®) will often result in a
reduction of blood pressure, and the adrenergicblocking effect produced by chlorpromazine, and to
a lesser extent by droperidol, will tend to restore the
pressure toward normal levels.
The use of morphine in large doses also poses a
problem related to metabolism in that its respiratory
depressant effects persist beyond its period of usefulness in the operating room . This prolonged effect
may be advantageous in open heart surgery in which
it is planned to maintain the patient on artificial
ventilation for a period of time, but it does present
difficulties in other types of major surgery when one
would like to have the patient self-sufficient in the
recovery room. Perhaps the properties of the specific
narcotic antagonist, naloxone, can be used to advantage under such circumstances.
Another narcotic combination, lnnovar®, has
met with varying degrees of success in its application to the state of anesthesia. The advantage of its
narcotic component, the potent analgesic fentanyl,
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lies in its relatively rap id rate of metabolism, a given
dose being effective for not more than 30 or 40
minutes. Therefore, with attention being paid to its
titration, respiratory depressant effects need not be
a problem in the postoperative period. The ot her
component of Innova r, the butyrophenone droperidol , has brought an exciting new dimension to what
we are tryin g to accomplish in anesthesia. Probably
acting at the level of the reticular act ivating system,
this drug serves to di sconnect the patient from the
fear and concerns associated with his immediate
environment. However, the degree of associated
amnesia is variable from one patient to another, and
one cannot count on a given dose of droperidol
blotting out remembrance of a procedure. Although
it has mild adrenergic-blocking properties, there is
no ev idence that it is a direct depressant to the
myocardium and, if the patient remains supine and
does not have a reduced circulating blood volume,
vascular homeostasis is preserved with its administration. It al so possesses anti-arrhythmic properties
which help to stabilize cardiac rhythm during surgery. Unlike fentanyl , droperidol is metabolized
slowly in the body, its effects lasting six to eight
hours, so that its actions are apparent in the recovery room. These effects are deemed advantageous
by some: it is not a respiratory depressant, nor is it
an analgesic, but it does appear to alter the patient's
reaction to pain so that he does not demand narcotic
analgesics.
So far, the drugs discussed have not demonstrated evidence of potent amnesia, or ability to
prevent recall-the best has probably been nitrous
oxide. But a relative newcomer on the scene, diazepam , shows evidence of providing the desired
potency. Administered intravenously, the dose of
diazepam required to produce a lack of subjective
response by the patient is highly variable, ranging
from 5 to 30 mg or more, but amnesia for associated events is usually present after a dose of 10 mg.
Best described as an amnestic and hypnotic, in that
order, diazepam can produce respiratory depression
but has little effect on cardiovascular hemodynamics
in the doses required for hypnosis. It can be used
safely and with merit in association with narcotics
and muscle relaxants.
One compound which has had a mixed reception since its introduction in 1970 is ketamine.
Enthusiasts have embraced it because it produces
unconsciousness and intense anal gesia without associated depression of respiration , except mo-
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menta ril y in so me patients, o r circulation. As a
matter of fact , ca rdi ovasc ul ar dynam ics appear to
be enhanced, as reflec ted in a moderate increase in
pulse rate and blood press ure. Interest ingly enough,
thi s ca rdi ac stim ul ati on is not assoc iated with an
increase in myoca rdi al irritability; in fact, the drug
possesses anti-arrh ythmi c p rope rti es. Equally import a nt is the safety of the co mpo und : more than
five times the recomme nded clinica l dose can be
give n intravenously without untoward effec ts in a
healthy patient. Detr ac tors point to the relati ve ly
high inci de nce o f halluci natory phenomena in adults
as they are recove rin g from the effec ts of the drug
when it has bee n used as th e principal a nesthetic .
They also emph as ize the random move ments and
increase in mu scle tone see n in many patients.
The mec hanisms of the action of ketamine have
not been we ll defined. no r is its sph e re of usefulness in the field of anest hes ia clear at the moment.
D oes the lack of respiratory and cardiovascular
depress ion in th e presence of appare nt unco nsciousness and int ense ana lgesia impl y th at thi s class ification of chem ical compo und all ows one to narrow
down the act ions which one wishe s to provide for
the a nesthetic state? D oes the wide marg in of safety
in dosage impl y an inborn com pensati o n for e rrors
of admin istrati on? One co uld validl y criticize the
upsurge in ca rd iovascu lar dynamic s assoc iated with
admini stra ti on, as o ne d oes with th e narcot ic drugs.
But is such a change as del eteri o us as th e cardiovascul a r depress ion so often noted wi th co nve ntional a nesthes ia?
If the reasons fo r the increase in vascu lar dyna mi cs were kn ow n, one mi ght be able to compensa te for it directly. Such an increase could re sult
from direct stimul ati o n of th e vaso motor center; it
could be secondary to a n increase in catecholamine
secretion ; o r as Dowdy has suggested, it could be
due to an alte ra ti o n in th e baroreceptor mechani sm.
Whate ve r the cause , small doses of droperidol (2 .5
to 5 mg I.V.) tend to retu rn th e bl ood press ure
toward no rm al levels.
With the intrave nous drugs whic h are at present
being used to suppl ement the Li ve rpool T echnique,
it is a pparent th at full reli a nce mu st be placed on
mu scle relaxant co mpound s to prov ide sati sfactory
operating co nd iti o ns for the surgeo n. What Griffith
began in 1942 will probabl y co ntinue in full force,
no doubt wit h substitutio ns for d-tuboc urarin e from
time to tim e .
One would like to elabo rate on o ne mod ifica-
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ti o n of the nitrou s oxide, curare technique which is
being prese ntl y eva lu ated. It perta ins to the substituti on of ketamine fo r thiopental. Following conventional narcotic or Innova r premedic ation , inducti on of anest hes ia is with ket amin e 2 mg per kg
intrave nou sly, followed by d-tubocurarine approximately 0 .5 mg per kg, end oct rachea l intubation in
about three minut es with topic al analgesia to th e
la rynx and trachea with lidoc a ine 4.0 % solution,
and then maint enance with nitrou s ox id e and oxygen
in a 60 :40 mi xture. Increments of ketamine 20
to 30 mg are give n just befo re the skin incision
and at interv als thereafter. Tot al dose of ketamin e fo r a three- hou r proced ure is ab out 300 mg.
Co ntrolled resp iratio n with mode rate hyp erventilatio n is ma int a in ed, and increme nt s of d-tubocurarin e 6 to 9 mg are admini stered as required
to mai ntain mu scle relaxation . Neostigmine reve rsal
is carr ied o ut at the end of surge ry, and the pati ent
is usuall y oriented a nd answering quest ions before
leav in g the o perating room. In 50 such experiences,
there have bee n no instances of hypotensio n. In a
few pati ent s, increase of systolic press ures of the
orde r o f 30 to 40 mm Hg has been controlled by
sm all doses of droperidol (2 .5 to 5.0 mg 1.V. ). In
no p ati ent has there bee n unu sual react ion following surge ry, and in none has recall of the surgic al
procedure been elicited.
It is apparent th at th ere a re a number of ways
in which o ne can approach fulfillment of the criteria
posed . No ne is perfec t, and probably none will be
until th e sec ret of anesth esia is unm asked. In th e
interim , each of us can and mu st work towa rd the
goa l o f effecti ve a nd safe a nesthe sia.
If ind eed we turn our bac ks on the potent inh alati o n a nestheti cs, or use them perhaps only as a
seco nd lin e of defense, we will no lo nger have need
for th e cumbersome anesthetic a pparatus in use at
prese nt. Our gas machines a re imp os ing and perhaps
aweso me to the no n-a nestheti sts in the operating
room, may be eve n lending a n aura of mystery to our
operati ons at the hea d of the tabl e. But such displays
of one- upm anship are rea ll y no longer necessa ry in
o ur profess io n. So one would propose scrap ping the
conventional fl ow meters and de-e mph as izing the
a nest hetic machine as a central foc us and substituting prim a ril y a ve ntil at ing apparatu s. Such a ve ntilator wo uld be vo lum e co ntroll ed, pressure va riabl e,
simple and foolproof in construction , and capa bl e of be ing ste rili zed with ease. It would also be
capable of providing pos itive to atm ospheric, p os itive
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to nega tive, or positive to positive pressures, with
such pressu res immediately identifiable o n a rugged
but acc urate pressure gauge. The rate of respiration
per minute would be unde r the control of the anesthetist , as would the tidal volume to be delivered ,
this tidal volume be in g constantly displayed on a
ventilation meter. The le ngth of the inspiratory and
expiratory phases of ventilation would a lso be subject to variation by th e anesthetist, although th e
standard to be employed would be the 1 : 2 ratio
proven to be so sati sfactory by Cournand a number
of years ago. Of vital impo rt a nc e would be a mean s
of manu ally ve ntilating the patient at a mo me nt's
notice , and of bei ng able to a lte rn ate in a simpl e
manner between mecha nic al and manu al ventilati on.
The gases to be supplied to the ve ntil ator would
be nitrou s oxide a nd oxyge n, utili zing one meter to
determine the total flow rate per minute and a
mi xing valve by me a ns of which one could vary the
percentage of each gas being suppli ed to the patient.
This mixing valve would be un able to provide less
'than 25 % oxygen and would of course have a
fail-s afe mec ha nism inco rporated int o it. In th e
gas supply line distal to the mixing valve would be
an oxygen analyzer which would constan tly reco rd
the percentage of oxygen in the mixture being delive red to the patient.
It is unlikely th at a carbon diox ide a bso rbe r
would be necessary in thi s ve ntil ato r-o ri ented apparatus-particularly with our prese nt kn owledge regarding controlled ventilation in the anesth eti zed
patient-if th e fl o w rate of th e mi xture supplied to
the patient were not less than six liters per minute.
However, an important monitor in thi s apparatus
would be a carbon dioxide analyzer which would
intermittently , or on demand , record on a scale both
the inspired a nd expired concentrations of c arbo n
dioxide.
Such would be th e bas ic components of a new
anesthetic apparatus. It would be mec hanically simple and incorporate a number of mo nito rs vital to
the welfare of the patie nt which are not a n integral
part of present-day equipment. Of course, for th ose
who wished to rely in pa rt on the potent inhalation
anesthetics, calibrated vaporizers could be placed in
series on the patient side of the mixing valve.
One would hope that more spec ific mean s of
monitoring the integrity of the ca rdiovascu la r sys tem
in a non-invasive mann er will become ava ilable in
the operating room. Today we rely prim a rily on the
blood pressure and the electrocardiogram. The blood
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pressure is the result of the interaction between the
ca rdi ac o utput , the peri pheral vascular resistance,
and the circulating bl ood volume, and therefore,
changes which occ ur ca nnot be spec ifica ll y diagnosed. The electrocardi ogra m merely reflects the
elec tric al ac tivity within the conduction system of
the heart ; it reveals littl e concerning myocardial
functi o n o r cardi ac output per se . The closest one can
co me to determining the adequacy of perfu sion of
blood to o rgans is to observe the urin ary output.
An adeq uate flow o f urine durin g surgery refl ec ts
continuing renal function and presumably reasonable
perfusion o f th at orga n.
In proper ca re of the patie nt, increas ing relia nce is be ing placed o n determin ations of arterial
pH and blood gas values, and ri ghtly so. But obtaining comparati ve inform at ion over a peri od of hours
o r day s requires an arterial puncture and usually an
indwelling catheter, and because of thi s degree of
in vas ive sophistic ation , ma ny patients are being
deni ed th era peutic measures which they might otherwise rece ive. A non-in vas ive tec hniqu e of determining th ese values is sorely needed a nd capable of
being pe rfected.
There is one other aspec t of anesthetic practice
in thi s co untry tod ay which demands attention in
th e effort to enhance the safe ty and efficiency of our
se rvic es . We have the unique situ ati on of two groups
of profess ionals, a nesthe siologists, some I 0 ,000 in
number, and nurse a nest heti sts, so me 14,000 in number, being responsible for a nesthetic care. Unfortunately, until recently, for reaso ns which o ne hopes
a re now past hi story , there was littl e li a ison or
ra pport between the se two groups, even though the ir
daily objec ti ve was the sa me-to provide the best
a nesthetic care poss ibl e for the patient. It is hi gh
tim e we began to communicate mea nin gfully with
eac h o ther, rec og ni zi ng the concept th at by working together, by sharing mutu al problems, better
care will be pro vided for th e patient.
Begin nings have been made in the se directions.
There is a Liaison Committee of the American
Soc iety of Anesthesiologists a nd the American Assoc iat ion of N urse Anesthetists which meets regularly
in a growing sp irit of mutual exchange. Both soc ieties have recogn ized a jo int statement of over all
a ims and ob jecti ves. Meetin gs such as thi s one attest
to the fact that not only a re nurse a nestheti sts sharing as participants in sc ientific progra ms, but they
a re al so atte nding in greate r numbe rs suc h programs
througho ut the country.
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But there is more to be do ne. We need to wo rk
together as individu als, as small groups within a
hospital, as la rge r groups within a city or state, and
on a natio nal level. E ach of these groups has become
a natio nal entity in the realm of medicine and will
remain so. The proper admini stratio n of a nesthes ia
could not survi ve in th is country without the full
ac tivities of both groups, a nd pati ent s who require
surge ry are dependent on the knowledge and practice
of both the nurse anesthetist and the anesthesiologist.
It is my sincere beli ef th at by talking together, working toge ther, acquiring knowledge togethe r, the practice of a nesthesia in thi s country will become safer
and more effici ent.
There is o ne concrete way in which these mutu al efforts co uld be enh anced . T o increase o ur
knowledge and abilities in thi s day and age , reli ance
is placed primaril y on reading books a nd journals,
and on attending mee tings. wo rks hops, a nd se min ars.
The latter effort s usuall y in volve leaving one's place
of practice a nd traveling some di stance. What o ne
would propose is th at th e teacher travel to one's
place of wo rk, spend a few days in th e operatin g
rooms at the head of the table, show ing and telling,
to pu t it in th e ve rn acul ar, and discuss in g actu al
or potenti al problems whi ch co uld ar ise. Th ere is
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a precedent fo r this ty pe of endeavor in at least
one state of th e Union in th e speciality of obstetrics.
It would be wo rth y of a tri al in anesth esiology.
One recognizes, of course, th e nume rou s logistical
and econo mi c problems surrounding such a suggesti on, but a national society or a national fo und ation co uld lend its suppo rt less wi sel y in oth er
end eavo rs.
And so we end the survey of Anesthesia, 1972.
If it has fa iled to be glo wing a nd full of spa rkl e, it
is not for lack of co nfidence that thi s, the youngest
of the true speci alties, has inherent within it the
greatest c hall enge fo r the future . T oday we are
standing on the thres hold of signific ant di scoveri es
and develo pments. Everyone in thi s room will have
a n o ppo rtunity to participate in the exciting adva nces th at a re all about us. But whil e we work a nd
exte nd our knowledge, may we keep in the fo reground the hope and praye r th at Sir R obert Hutchison left fo r us : "From in ability to let we ll alone;
fro m too muc h zea l fo r the new and contempt for
what is old ; fro m putting k nowledge before wisdom,
science befo re a rt , a nd cleve rness before common
se nse; fro m treatin g patients as caM, and from
makin g the cure of the disease mo re grievous tha n
th e endurance of the sa me-good Lo rd , deliver us. "
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The very fact that I have been asked to participate in a program of thi s significa nce is indicative
of an ever in creasin g problem that is facing all face ts
of the medical profession-that is, how to stay in the
hospital and out of the courtroom. I shall be talking
about some of the general considerations all of you,
as anesthe sio logists, anesth eti sts. and ph ys icians,
should keep in mind in o rder to und ersta nd your
legal responsibilities to the patient.
The topic ·' Rece nt Develo pments" is partially
a mi snomer because what I am go ing to address
myself to is the recent trends o r developments in
three particul a r areas of the law as it affects the
field of medicine, and th en atte mpt to relate these
particularl y to the field of a nesthesiology. Y o u mu st
also understand that "recent" medic ally and " rece nt"
legally may in fact be years apart. What are commonly referred to as recent legal theo ries, freq ue ntl y
find their origin in court dec isions several decades
old. At the same tim e, some of wh a t follows is of
such recent vintage as to be classified by a vintner
as green.
First, I would lik e to disc uss the phys ici an's
duty to inform hi s patient and the recent legal developments in the area of inform ed consent. Second, I will di sc uss briefly the area of pote ntial
contract liab ility which is so mewhat rela ted to informed consent. And last, some of th e more class ical
legal problems involving a ph ysic ian and his patient ,
with special e mph as is o n the Captain of th e Ship
Doctrine and respondeat superior.
While the time has not yet ar ri ved, and hopefully never will , when a physicia n cannot go about
his daily tas ks without having a copy of Gray's
Anatomy in one hand plus Corpus Juris in th e o ther,
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educ ati o n as to the legal as pects of the practice of
med icine in rece nt yea rs has or should become a
required co urse of stud y in our natio n's medic al
schools a nd colleges. It is with thi s thou ght in mind
th at I prese nt to yo u today's di sc ussion.
Informed Consent. The D oct rine of Informed
Consen t is th e child of the Doctrine of the In violab ility of the Individual Body, a concept born of the
common law. Thus, it was stated in a rece nt case
th at " Anglo-American law sta rts with the premi se
of thoro ugh-go ing self-determin ati o n; each ma n is
considered to be maste r of hi s own body a nd he
may, if of so und mind, ex pressly prohibit the perfo rm a nce of life-savin g surgery, or other medical
t reatme nt , and while a doctor might well believe
th a t an o pe rat ion or a for m of treatm ent is desirable
or necessary, the law does not permit him to substitute hi s own judgment for th at of the patient by
any form of a rtifice or deception" (I) .
It is because of this deep-rooted concept th at,
prior to a ny trea tm ent , a ph ys ici an mu st obtain hi s
patient's conse nt. Valid consent to treatm ent can be
obtained in any of several ways. First, the physicia n
ca n obtain th e express consent of the patient. This
is done either ora lly o r in writing, and most hospitals
now have some type of consent form , though frequently inadequate. Second , consent may be implied
in fact. Implied in fact consent occ urs when a patient knowingly acce pts trea tm ent , as in rolling up
hi s sleeve fo r an inj ectio n or agrees to an examination by lying on th e exa mining table. Third, consent
may be implied in law. Such consent occurs when
the patient comes to a hospital unconscious or an
e mergency condition a rises whereby he is un ab le to
ackn owledge hi s consent to treat ment. Finally , conse nt may be given by a parent or guardi a n in the
case of a child or incompetent.
For various reasons, the consent given may be
a nullit y. For instance, the consent may ha ve been
107
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given by one who had no a utho rit y to give it, or it
may have been obta ined by fr aud o r mi srep rese ntati on on th e part of th e ph ys ician. Whil e mos t physicians are aware of th ese traditi onal reasons fo r
in validat ing a co nsent , a re lati ve ly new reaso n fo r
such has developed in rece nt yea rs. Thus, courts
have held with in creas ing frequ ency th at a pati ent 's
conse nt mu st be in fo rm ed and in te lli ge nt in orde r
to be va lid . Th e pati ent mu st have a clea r und erstanding of what procedu re is to be perfor med on
him and th e risks and poss ibl e co mpl ications in volved . A d isclosu re th at fa ll s short of thi s test ca n
in va lid ate th e conse nt give n just as thoroughly as
if it had been obt ained th rough fr aud.
Whil e acti ons at law have always bee n avail a bl e to pa ti ents aga inst th ei r phys icians fo r fr audu lentl y induced conse nt o r fo r operat ions pe rfo rm ed
witho ut conse nt , o nly rece ntl y have acti o ns at law
bee n maint ain ed by pati ents who all ege th at although
the ir co nsent was given, it was in va lid du e to the
ph ys ic ian's fa llin g short of his duty to in form . This
new ri ght of ac ti on a ppea rs to have its genesis in
th e dictum ' of a V irgini a case, H unter v. B urroughs
(2), dec ided in 19 18. In thi s case, th e pl aintiff was
suffering fr om ecze ma a nd th e defend ant/ ph ys ici a n
recomm ended x- ray trea tm ent as a cure. Back in
19 14 such a trea tm ent was revoluti ona ry, and th e
defend ant fa il ed to wa rn th e pl ai nti ff of th e ri sk of
poss ible burn in volved in its use. Th e pa tient suffe red se vere burns and sued hi s ph ys ician o n two
th eo ri es. Fi rst, he all eged th at th e trea tm ent had
bee n admin is tered negligently; and second. he a lleged th at th e phys ic ian fa il ed to wa rn him of th e
poss ibl e da nge rs o f x-ray trea tm ent. Th e co urt affi rm ed a judgment fo r th e pl a in tiff o n h is neglige nce
th eo ry and thu s did not have to reac h th e issue o f
in for med consent. H owever, in a d ictum, th e co urt
laid th e gro un d wo rk fo r later co urt decisions o n info rmed conse nt ( 3).
Th e bas is of such a n acti on is that a patient
ca nnot give a va lid conse nt to a treat ment whi ch h e
kn ows littl e o r nothin g abo ut. Th e invi olab ility of
the indi vid ua l body necess it ates th a t any conse nt
give n must be based on in fo rm ati on necessa ry to
make th e conse nt intellige nt a nd free ly given. This
in clud es th e dut y of th e ph ys ic ia n to d isc lose to hi s
pati ent all releva nt in for matio n conce rning a p rot Di ctum-a sta te me nt o f a principle of law in a deci sio n by a court whi c h was sugges ted by t he case but was
no t necessa ry fo r a dec isio n o f th e case as dec ided.

posed treat ment , includin g th e coll ateral ri sks and
co m plic ations atte nd ant to th e treatment , so that
th e pati ent's conse nt would be an intellige nt on e
based o n co mplete in fo rm ati on. Th e mod ern action
based on a lac k of info rm ed consent did not full y
deve lo p until 1960 in th e case of Natanson v. Kline
( 4), a case very simil ar fa ctu all y to th e Hu nter case.
In the Natanson case, M rs. Natanson had undergone surge ry for the remo val of a ca nce rous
les ion in her left breast. A s a preca uti onary measure,
her phys ic ian. Dr. Klin e, ad vised th at she undergo
radi ati on th erapy to preve nt furth er spread of th e
cance r. Mrs. N atanson conse nt ed to such treatm ent ,
but as a resul t of it , suffered seve re burns. Subsequ entl y, Mr s. Nata nson brought an action aga inst
her phys ici an o n th e th eory th at th e conse nt to
trea tment was not in fo rmed. Th e Supreme Court
of Ka nsas held th at Dr. Kline was und er the affirmati ve duty to m ake reason able discl osure to Mrs.
Na ta nso n, all owin g her to m ake an intellige nt decisio n wheth er o r n ot to take cobalt treatment. This
dut y in cluded di sc los ing th e ri sk inherent in the
proposed course of trea tment, bu t was limited to
th e di sc losu re onl y of fact s necessa ry to form th e
b as is of an int ellige nt consent.
In defin in g thi s bas is, the court held th at the
degree of di scl os ure is to be measured by the standard of wh at a reaso nabl e medica l practitio ner would
disclose to hi s pati ent und er th e sa me or simil ar circ um stanc es. Thus, th e patie nt must introduce expert
medi cal testimony in o rd er to establish th e communit y stand ard as to di sclos ure. Once such testim ony
is p roduced, it beco mes a jury qu esti on as to whether
th e defe nd ant/ phys ic ia n fa ll s sho rt of this stand ard .
Ac kn owledging th e li ab ilit y of a phys ician to
hi s pati ent fo r failur e to prov ide suffici ent inform ati on necessa ry fo r an info rm ed co nse nt , the question
arises as to what type of action is to be ma in tained
by th e pati ent. Th e court s th em selves are som ewh at
confused in thi s rega rd bu t ge nerall y th e- action is
b ro ught o n one of two th eories : th at of assa ult 1 or
th at of neglige nce . It is impo rtant to und erstand
th e d ifference betwee n an actio n fo r assa ult and an
actio n for neg li ge nce. In th e fo rmer, th e esse nce
of th e acti o n being th e un auth ori zed touching of th e
pati ent 's body, th e conse nt given, if th ere is any,
I T he te rm tec hnica ll y sho uld be .. ba tte ry .. w hic h is a n
unau th or ized to uching o f a no the r·s pe rson : ho wever, the
co urt s have no t bee n co nsiste nt in the use of thi s term ,
freq ue ntl y using .. assa ult .. in pl ace of it. The word .. assa ult ..
is used ge ne rica ll y to in clud e both .
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must be a complete nullity du e to so me mi srepresentation or omission by th e physician. On the other
hand , negligence connotes th e breac h of some dut y
or stand ard of care imposed upon th e physician. An
example of an actio n for assault or un autho ri zed operation is th e case of Bang v. Charles T. Miller
Hospital (5) , in which th e patient was sufferin g
from a urin ary problem a nd , after consult atio n with
the attending physician, conse nt ed to a tran sureth e ral
prosta tic resec tion . The physician, howeve r, fa iled to
inform th e patient that in doing the o perati on th e
spermatic cords would be cut a nd th at the opera tio n
would rende r him ste ril e. Th e court held th at th e
failure of th e physici an to di sclose thi s essenti al
fact rend ered th e plaintiff's consent inv alid and
hence, supported an action for assa ult. One of th e
key fac tors in a n action based o n assault is th a t lac k
of sk ill in perform a nce of th e o pera ti on o r procedure
is of no concern . The o pe ratio n or trea tm ent may
have been performed in th e most sk illful manne r
but if th ere was no consent-informed consent-the
plaintiff is entitled to recove r damages from th e
physician. No expert testimony is needed in such
a case.
A case closer to ho me is th a t of W oodson v.
Huey ( 6), where prior to a n operatio n th e patient
informed hi s physician th at unde r no circumstances
did he want a spinal anesthetic admini stered to him
and was assured by th e phys ician th at he would
receive a general a nesth etic. The pa ti ent's wi sh was
entered in his reco rd by the physic ian . However , the
anesthetist admini ste red a spinal anesthetic following
which th e patient suffered paralys is. The court held
the anesthetist liable for assault but not the surgeon.
The fact th at the spinal was given in a perfectly
proper manner was of no consequence in an ac tion
for assault (7).
A negligence action , on th e o th er hand , requires
the pl aintiff to show that (a) the ri sk was recognizable and the physician's duty of care required
the di sclosure of th at ri sk; (b) had the patient
known of th e ri sk, he would not have consented ;
and ( c) no justifica tion ex isted for the physicia n's
failure to di sclose the risk ( 8). Th e plaintiff mu st
prove the fir st element by ex pert testimony establishing th e community stand ard a nd showing th at th e
physician's ac tion s fell short of th a t sta nd ard . Th e
second element necessa rily involves the subj ecti ve
intent of th e patient and can be established by his
simply testifying th at had he known of th e ri sk,
he would not have agreed . The third element comes
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into pl ay only if the pl aintiff can establish the first
and even th en would require expert testimony to
estab lish th e requirement of di sclosure. ( A few
courts have placed th e burden of proving this third
ele ment on th e ph ys ician rath er th an on the patient,
the effect of which is to create a jury issue in such
cases.)
If th ese three elements are shown by the plaintiff, he has made out a prim a facie case, and the
defend a nt mu st counter by showing th at he in fact
did make adequ ate discl os ure or th at under the
accepted sta nd ards, disclosure was not required .
Although a few courts still treat informed conse nt cases as an action for assa ult , the great majority
of jurisdiction s are getting away from this theory and
are trea ting such as action s sounding in negligence;
thus putting th em in th e sa me category as an
action for mi strea tm ent (9). Thus, in the case where
th e co mmunity stand ard is to secure consent to the
ad ministration of a spin al anesth etic during childbirth, it may be malpractice, th at is, an action for
negli gence, where such consent is not procured prior
to th e ac tu al givin g of the spinal anesth etic (IO).
Ex actly what th e courts require to make conse nt effectu al is at the prese nt time in a state of
confusion . Th e Arizona Supreme Court has set down
a good rul e in defi ning consent :
Consen t
is effectual if the co nsentor understands substant ia ll y the na ture of the surgica l procedure attempted a nd the probable results of the
ope ratio n. Thi s, as a matter of law, constitutes an
inform ed conse nt.
Given a n informed consent, liability if any must be predicated in malpractice ( I I ) .

Coupled with th e foregoing rule is th e corollary
bein g adopted by mo re and more courts that the
primary duty of a physician is to do wh at is best
for his patient , and th at a physician may withhold
disclosure of inform ation regarding any risks or complications of th e operation or treatment where a full
disclosure would be detrimental to the patient's
total care and best interest ( 12) . Thus, when in the
physici an's profession al opinion, informing the patient of certain of the risks or complications would
make th e patient unduly apprehensive and increase
the ri sk of complications during surgery, inform ati on may be withheld . However, let me emph as ize
th e importa nce of making a notatio n of such action
on th e patient's chart and , if appropriate, informing
the patient as soon as possible after the surgery has
been completed.
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Wh at th en, as a nesth esio logists, sho ul d you do ,
and tell yo ur pa tie nt s prior to th e admini stra ti o n of
anest hes ia? Unfor tun a tely, th ere is no ha rd and fast
rul e which ca n be sta ted as to th e circum stances
un de r which yo u ca n withh old mak in g a full disclos ure and as to the kind of info rm ation whi ch ca n
be wi thh eld . Eac h case must of necess ity depe nd o n
its ow n pa rticul ar fac ts.
H owever, th ere are so me bas ic guid es th at
sho ul d be kept in min d:
I. Exa min e th e pa ti ent pri o r to administerin g
a nes th es ia. prefe rab ly the ni ght before and
this sho ul d be mo re th a n a cu rsory exam inat io n. Make a no tat io n in th e cha rt of th e
date and ti me of your exa min atio n, th e fi ndin gs. and any appropri ate o rde rs. An y do ubt
as to th e pati ent 's co nditi o n sho uld be cla rifie d beca use yo u will be held respo nsibl e fo r
what co uld have bee n d iscovered by a
pro per phys ica l exa m inat io n. In th e case of
Butler v. Layton. ( 13) neglige nce was fou nd
in th e admini strat io n of eth er to a pa tient
suffering fr om a bad co ld when th e pat ient
develo ped ac ut e bro nchiti s whi ch was ca used
by th e a nes th etic. H oweve r, whe re ev idence
is produ ced by th e ph ys icia n th at a pro per
ph ysica l exa min ati o n was give n to the patient pr io r to admini steri ng the anes th et ic ,
li abilit y on this gro un d is usua ll y avo id ed
( 14 ).

2. Ex pl a in ge ne rall y th e type of anest hetic to
be admini stered, what will hap pe n. and th at
there are ri sks a nd co mpli ca ti o ns atte nd ant
to any medica l proced ure . Depe nding upo n
th e pat ient's conditi o n and emotio nal stab ilit y, ma ke your dec isio n as to ho w fu ll a
di sc los ure sho uld be made. A fa irl y detailed
ex pl anati o n of what will take place m ay be
of in va lu abl e help si nce fea r of th e unkn ow n
is a lways mu ch wo rse than fear o f th e
know n.
3. H ave th e conse nt fo rm exec uted b y th e
patie nt with any restricti o ns im posed by th e
pa ti ent noted th ereon. If th ere are any re~tri cti ons th ese sho uld also be noted in th e
chart. In cide nt all y, if there is any subsequent cha nge as to any limit ati o ns o n th e
prev io usly give n co nse nt , thi s sho uld be
th oro ughly and compl etely doc um ented in
the cha rt.

Contract Liability. As a n adjunct to informed
conse nt, let me give you a wo rd o f ca uti on with
res pec t to th e ass ura nces given to a pati ent. Co urts
have bee n seve re in judging ph ys ic ians who mi slead ,
in ad ve rte ntl y o r oth erwise, the ir pati ent s in rega rd
to th e po tenti al se ri ousness o r re lati ve sim plic it y of
a proposed p rocedure o r o pe rati o n. Thu s, the physic ian who ma kes such statements as, " N o danger
ca n res ult " or " It 's a perfectl y sa fe trea tm ent ,"
may be held li able eve n th o ugh th e o perati on
he pe rfo rm s is done with all du e care and compete ncy. Illu strati ve of thi s is a rece nt case fr om
M ic hi ga n ( 15), dec ided in 197 1, in which the
pl a intiff was suffe ring fro m a peptic ulcer a nd co ntac ted th e defend a nt ph ys ic ia ns rega rdin g a poss ible
ope rati on. The pa ti ent was neve r told th at he m ust
have th e ope rati o n, but th e gist of what th e defe nd ant
ph ys ic ia ns told him is the foll ow ing:
O nce you have an ope ra tion it take s ca re o f a ll
yo ur tro ubles. Y ou ca n eat as you wa nt to. you
ca n drink as yo u wa nt to. yo u ca n go as you

plea se.

Dr . [XI a nd I are spec ia li sts. the re is

nothin g to it at all - it 's a very si mple operation.

Y o u'II be o ut o f wo rk three to fo u r wee ks at the
most. T he re is no da nge r a t a ll in thi s o pe ra ti o n.
Afte r the o peratio n yo u ca n th row away yo ur pill
box. In twen t y years if yo u fig ure ou t w hat you
spe nt fo r Maa lox pill s a nd d oc to r ca ll s. you could
buy a n awfu l lo t. W eigh it agai nst a n o perati o n.

Th e co urt held th at such words a mo unted to an
offer of a contrac t to achi eve by the o peration the
co nditi on desc ribed ; th at in reli ance o n the desc ription . the pl a intiff acce pted the o ffer ; a nd th at whe n
these res ults in fact we re not ac hieved . the contract
cond iti o n desc ribed was breached. A substa nti al jury
verdi ct fo r the pl a intiff based o n breac h of contrac t
was affi rm ed .
Th e majo rity o p ini on held th at the questi on
o f wheth e r a co ntrac t ex ists is a questi on of fact
fo r a jury in eve ry insta nce. Obvio usly, if J hi s dec isio n we re to be fo ll owed by oth er co urts, the effect
co uld be d isastrous beca use it wo uld seve rely limit
phys ic ia ns in the ir effort s to assure pati ent s and
ca lm the ir norm al fea rs. There was a ve ry stro ng and
well -reasoned di sse nt , and I wo uld ho pe and expect
th at the attitude o f the m ajo rity o f the courts would
not ex tend thi s holding to the norm al p ractice of
e nc o uraging the pati ent with reasonabl e assurances
which altho ugh th ey may at times be so mewh at
exagge rated , a re made with a the rapeutic intent.
Captain-of-the-Ship or Respondeat Superior.
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This now brings us to our next area of discussion .
It involves a straight malpractice case with special
emphasis on the Captain-of-the-Ship Doctrine or
respondeat superior. The Captain-of-the-Ship Doctrine is based upon the lo ng-acce pted premise th at
the surgeon is in charge of all that takes place in the
operating room and is, th erefore , lia ble for it all.
Respondeat superior simply means let the master
respond for anything that his servants or employees
may do.
By way of illustration , let me refer to a case that
occurred in California which clearly illustrates the
broad umbrella of responsibility th at is frequently
applied. The anesthesia was being administered by
a first-year resident who was under the immediate
supervision of an anesthesiologist who was responsible for supervising other operations at the same
time. The anesthesiologist was a sala ried member of
a private group of anesthesiologists, which group
through its chief was responsible for the anesthesiology training program. The residency program was
under the joint sponsorship of the local hospital, the
county hospital, and the state university. The chief
of the anesthesiology group was out of the country
at the time the incident occurred, but was ultimately
responsible for the progra m and all that went on
in connection with it . When suit was filed , the
defendants included the resident, the supervising
anesthesiologist, another anesthesiologist who came
to their assistance, the chief of the group, the group
itself, the local hospital, the county hospital, the state
university, and the surgeons performing the operation. The case was ultim ately settled prior to trial
with all parties contributing with the exception of
the surgeons. Anoxia and cardiac arrest developed
during surgery apparently due to several factors,
all of which were the responsibility of those administering the anesthesia. Recognizing the distinct
areas of separate responsibility which is gaining
wider acceptance by the courts, the surgeons did
not contribute to the ultimate settlement of the case.
The right to control is the basis for liability in situations of this type , and it can be traced from the
resident all the way through the various people or
organizations participating in the training program.
In spite of the broad implications of the Captain-of-the-Ship Doctrine, the courts pretty uniformly
recognize the expertise of anesthesiologists and except in very unusual situations, do not impose liability upon surgeons for anesthesia malpractice nor
upon anesthesiologists for surgical malpractice.
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When the anesthesia is being administered by
an anesthetist, we find less uniformity in the decisions and a greater willingness on the part of some
courts to impose liability upon the surgeon for the
negligent admini stration of the anesthetic . There are
two cases in point. One, Jackson v. Joyner (16), is a
North Carolina case in which a nurse who was an
employee of the hospital negligently administered the
a ne sthetic. The court held that while the operation
was in progress, the surgeon had full power and
control over all assisting nurses and that hence, the
nurse administering the anesthetic stood in the position of a borrowed servant to the surgeon for the
purpose and duration of the operation . In the case
of McKenney v. Tromly (17) the court held that it
was an admitted fact that the surgeon had the abso1ute ri ght of co ntrol of all personnel in the operating
room during th e operation and hence, was liable for
th e negligence of any of these persons. These cases
represent the extreme position and find their origin
in the ready willingness of surgeons to testify that
they are in absolute control of all that goes on in the
operating room during the performance of the operation . This certainly is no longer true, and they are
doi ng th emselves a disservice by failing to recognize
th e di stinct are as of responsibility th at exist in present
day medicine.
Certified Regi stered Nur se Anesthetists
(CRNA) are highly trained specialists with more
training and experience in the field of anesthesiology
th an the vast majority of th e surgeons. Thus, even
in si tu ations where CRNAs have administered the
anesth etic, courts are recognizing their expertise and
the separateness of their function. They follow the
principle th at where several doctors or nurses have
di stinct and separate parts to take which require
the undivided attention of each, only the one who
failed to use due care in the performance of the part
assigned to him should be held responsible. This is
tru e unless it can be shown th at one exercises or has
the right to control the other (18).
In Virginia, the question of whether a hospitalemployed nurse/ anesth etist is an agent of the operating physician or the hospital is a question of fact to
be determined by the jury and the main test, as in
all agency situations, is who has the right to control
(19).
As you can see, all of the illustrations that have
been given were not necessarily anesthesia cases.
However, the legal principles involved would apply
equally to you as anesthesiologists, and they do illus-
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tratc some of th e more tro ubl eso me areas from a
med ical legal poin t of view.
J hope you will all beco me kee nl y aware of
th e problem of info rm ed co nse nt, and when you return to yo ur respec ti ve hos pitals, chec k and see
what type co nse nt fo rm s are now being used; see
th at they are upd ated, and do as so me groups of
anesthesiologists are doing and use yo ur ow n consent fo rm. Litigati on in th e area of in fo rm ed consent
has onl y bee n go ing on fo r appro xim ately 20 yea rs,
and each yea r there has bee n an increase in th e number of suits fil ed in volving this problem. A good
conse nt fo rm and an app ropri ate di sc uss ion between
anesthesiologist and pati ent wo uld go a long way in
red uc ing the amount of litigati on on thi s point.
With res pect to respond ea t superi or and vicarious li ability. it is di ffi cult to predict how the courts
will treat this in th e future. Howeve r, I am certain
th ere will be more and more judicial recogniti on of
th e ··a rea of expertise" principle. thu s limiting li ability to those ac tu all y performin g a spec ific task.
At th e sa me tim e, yo u should not ove rl oo k the fac t
th at one negli ge nt ac t by a first-yea r resident ca n
start a domin o th eo ry of li ab ility, and this is particul arl y tru e in th e teac hin g instituti ons. In such
situati ons. th ere is no substitut e fo r acti ve and cl ose r
supervision by th e teac hin g staff .
Finall y, let me remind yo u th at it is an integ ral
part of your responsibilit y to kee p yo ur pati ents
ass ured and th eir fea rs to a minimum. Howeve r,
don't let yo ur ex uberance and self-co nfidence ge t th e
best of yo u to th e point th at you find yo urself as the
defe nd ant in a breac h of co ntract ac ti on as did th e
ph ys icians in th e Michi ga n case referred to.
T hank you fo r yo ur kind attenti on and I trust
th at yo u can continu e to avo id th e legal pit fa ll s some
of my colleagues are co nstantl y putting in yo ur paths.
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Oxygen Toxicity and Anesthesia: A Ten-Year
Review and Overview*
JOHN Q. DURFEY, M.D.
Professor of Anesthesiology,
Medical College of Virginia , Richmond, Virginia

The awareness o f anesth es ia pe rso nn e l in th e
entity of " oxyge n tox ic it y" h as bee n in creased in th e
last ten yea rs by th e grea te r in vo lve me nt in p rolonged resp iratory ca re, a nd conco mit a ntl y in c rease d
complex ity of opera ti ve m a nage ment. Th e rea li za tio n
th at cya notic hea rt di sease a nd prim a ry pulmo nary
insuffi c iency does no t necessa ril y prot ec t th e individual aga inst th e occurrence of the pulm o nary m anife stati ons of the di sease, and th at furth er realistic
delin ea ti on of th e pa ra meters of cont rol is necessa ry,
has fo cused an inte nse bea m o f critica l reevalu ati on
on present methods o f anesth et ic m anage ment and
postoperati ve ca re. It is impo rt a nt to no te th at " oxygen tox icity" as comm o nl y di scussed . th at is. th e
CNS, pulm ona ry, a nd eye ma nifestati o ns, represe nt s
advanced stages of th e body's ad ve rse res po nses.
More frequ ent a nd subtl e ch anges a re prese nt . bu t
often ove rlooked. This is p articul a rl y tru e in th e less
easily discernible effects upon e lect ron tran spo rt systems, and inte rference with basic m embra ne a nd
enzym atic functi on.
As individu als tra in ed in the m anage ment of
cardio-respi ra to ry emergenci es, a nes th es ia personn el
may ex pect to be ca ll ed upo n professio nall y rega rding problems related to th e ma nage ment of d ysb ari sm
and oxygen tox ic it y; particul arl y in view o f th e currently deve lo ping unde rwater industri a l a nd ag ricultura l interests producin g grea ter numbe rs o f expose d
individu als and radica lly different enviro nm ent al
co nditi ons co mplica tin g acute medi ca l ca re . Th e
fe as ibility o f returnin g individu als to th e surfa ce
is poor. This wo uld necess it ate prol onged peri ods o f
deco mpress io n a nd wo uld introduce se ri ous problems o f logistics.
A good dea l mo re emph as is sho uld be pl aced
,:, Prese nted a t t he 25 th Ann ua l Sto neb urne r Lect ure
Series, Feb ru a ry 26, I 972, at the Medica l Coll ege of V irgin ia, Richmo nd .
MCV QUARTERLY 8(2): 11 3- 122, 1972

o n th e co ntinuin g stud y of oxyge n effec ts by anesth esia labo rator ies and th e poss ibl e int eraction o f th e
gas with o ther dru gs as related to li ve r and kidn ey
fun ctio n, e nzy me ac ti vity, membrane functi o n, and
e lec tron tra nsport. Th e in fo rm ati on obt ain ed will
have broad ramifica ti o ns in o ur total understand ing
of upt ake a nd di stributi o n, ra te, a nd excreti on of the
a nesth etic agent s curre ntl y utili zed , and ho pefully
will lead th e way to th e int roduction of less nox io us
a nd more eas il y co nt roll ed agent s and a m ore ca reful
a nd logica l ph ys iolog ica l approac h to pati ent manage ment.
Historical Review. Th e co nce pt of "oxygen tox ic ity" is a nyth ing but new, d atin g bac k to th e time of
Lavo isie r, and fo ll owed in 1849 by Smith's desc ripti on of a fa tal pulm onary " infl a mm atio n" after exposu re to o xyge n at 3-5 at m fo r approxim ately 24
hours.
In sofa r as th e impact on a nesth es ia is conce rn ed, in the last 15 yea rs, durin g which time th e
probl e ms bega n to affect th e ca re of p ati ents, the
prim a ry co nside rati on was th e pulm onary m anifestati ons of th e "d isease ." Pe rh aps, " iatroge nically
induced di sease" wo uld be a mo re approp riate ex press io n. This co nce nt rati on on th e pulm ona ry m ani festati o ns was natu ra l in a nonh yperbaric enviro nme nt , pa rtic ul a rl y since a nesthes iolog ists had bee n
mo re intim ately in volved with su ffici ent oxyge nati on
o f the pati e nt during surge ry, and the mainten anc e o f
a proper a irway.
Altho ugh equ a ll y co nc erned about acid-b ase
balanc e, carbo n di ox ide rete ntion , preventio n of atelectas is, and a reasonably reactive and ph ys io logica ll y int act pos toperati ve pati ent , it was not until
fo ur major a lterati ons occurred in patte rn s of p ati ent
ca re th at th e dyn ami c characteristics of oxyge n toxic it y and its relati o nship to this particular speci alt y
beca me more ob vious. Th ese cha nges were: ( I ) Th e
advent of o pen hea rt surge ry, usin g th e pump-oxy113
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genator, with the spec ial problems resulting therefrom , (hemolysis, air emboli sm, and marked ac idosis). (2) The use of hyperbaric faci liti es for th e
surgical and medica l trea tm ent of p ati en ts with surg ical , medical, infecti ous, and card iovascu lar diseases,
and their attendant acute threa t of oxygen toxicity;
th at is, central ner vous system oxyge n toxicity ( as
well as pulmonary toxicity) . ( 3) The progressive involvemen t in prolonged postoperative ve ntil atory care,
using continuously ass isted and / or controlled respiration by ventil ators equipped with onl y limited controls governing inspired oxyge n tensions; and th e
nonconcomit ant realization th at such care was inducing or producing toxic pulm onary and / o r othe r m anifestations, or a t least it was increas ing the risk of such
problems. ( 4) Th e current interest in " halot hane
hepatitis," enzy matic ac ti va tio n and in activati on, and
th e bas ic metaboli c conseq uences produced by anesth etic agen ts. Some of the biophysica l-electro-chemical-enzyma tic a nd substrate actions may indeed be
simil ar, as will be di sc ussed furth er. Th e fa scinating.
multifacet ed , and increas ingly com plex int erwoven
nature of th e spectrum o f oxyge n tox icity is now on ly
bare ly apprec iated. It see ms obvious, and reasonabl e,
th at th e answers li e in the most b as ic bi ochemical
processes. The comments in thi s pape r wi ll be oriented prim arily toward th e clinical as pects of oxyge n
tox icity as it rela tes to the practice of anesth esia.
To contin ue historica ll y, in 1927 th e observati on was made th at cold-blooded anim als were much
less susceptible to th e toxic effect s of oxyge n unl ess
th ey were wa rm ed to 37 .5 °C. At th at temperature .
eve n turtl es deve loped fulmin ating pulmon a ry man ife station s after exposure.
It is known th a t in creased oxyge n ten sio n produces ch anges in the transmembrane pote nti al of
frog skin , as contras ted to fr og sc iatic ne rve, a nd
th at th ese changes are irreversibl e ( G ott li eb and
C ymerma n, 1970). Th ese in vestigators postu late
th at th e membran e changes are produced by adva nced ox id ation of th e SH groups; th at membra ne
lipids and lipid compl exes may have bee n alt ered;
a nd th at ATP sy nth es is was in activated. In a monument all y inform ative experi ment ca rri ed out by
Ch apin and Hohl , one lun g of a dog was infl ated
with l 00 % oxyge n for seve n days. Th e o th er lun g
was infl ated wit h air. Onl y th e lung infl ated wit h
oxyge n showed th e cha racte ri stic pulmon ary changes
of oxyge n toxicity which shall be desc ribed in mo re
detail below.
Dr. Phillip C. Pratt , a path ologist, now at Duke
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University and previously associa ted with th e Ohio
Tuberculosi s H ospit al in Columbus, was one of the
first clinicians to fully appreci ate the ea rly onset and
progress ive course of pulmonary changes in patients
exposed to rel ati ve ly " innocuou s" a mounts of oxygen
for a period of time. In 1958, he pointed out the similarity of mo rph ologica l findings in a seri es of p ati ents,
so me of whom h ad rece ived oxygen , fo r as little as
two and one-h alf d ays, administered via nasal ca theter-n ot ventil ators. H e demo nstrated capillary congest ion and proliferation, follow ed by th e appeara nce
of diffuse fibro sis after a peri od of about two weeks.
Other changes previously noted in ex perimentally
induced pulmonary ma nifes tati ons were hype remia,
hemorrhage, ede ma, atelec tas is, and " inflammation."
Th ese changes had to be differentiated from atelectasis, intrapulmon a ry hemorrh age, infection , and
postmortem alt erati ons due to absorpti on of gas. A
bri ef experim ent follo wed wherein mice were exposed to I 00 % oxyge n for 4 8 hours at approximately
740 mm H g, controlling humidity a nd temperat ure.
Some of th ese mice were sacrificed, th en autopsied
imm edi ately whil e still in oxyge n ; others were autopsied aft er 3 hours in oxygen. Th ere was a significa nt diffe rence in th e a pp eara nce of the lungs at
postm ortem. Air co nt rol groups were also used. The
lungs of th e mice ex posed to oxygen , killed in oxyge n, and delaye d 3 ho urs before postmortem were
hemorrhagic and li ver-l ik e in consistency and did
not flo at, thu s simul ating the charact eristic , classical
changes of adva nced oxyge n tox ici ty, usually tho ught
to occu r after more prolonged ex posure s. Pratt prese nted the above in fo rm ati on at th e hyperbaric conference in New York in 1964. and it is particul arly
noteworth y th at he m ade th e fo llowin g ve ry pertinent
comment: "Since thi s occurs in hospit alized pati ents
rece ivin g oxygen by standard methods such as oxyge n tent s and nasa l cat heters, it is appa rent th at the
pulmon a ry response ca n res ult from ex posure to
atm os pheres con ta ining we ll below I 00 % oxygen
a nd probabl y in th e ra nge of onl y 50 % oxyge n. "
Pratt we nt o n to di scuss th e releva nt points in making th e morphologic al differe nti ation between capillary proliferati o n and the ope ning of prev iously " unrecognized" capi ll aries . (Author's note: " Unu sed"
ca pill aries. Hi gh-oxyge n tensions seem to decrease
the size and number of capillaries utilized, at least in
myoca rdi al pe rfu sion a nd in th e b ra in , as will be
di scussed late r). Pratt felt th at vasodi latio n leading
to cap ill ary proliferati on was th e probable cha in
of eve nt s; th at continu ous exposure for 24 hou rs at a
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time was necessary; and that intermittent ex posures
were not cumul ative in nature.
In 1964, H ep pl eston and Simnett found that
tissue cultures of pulm ona ry alveola r epith elium we re
especially se nsiti ve to oxyge n und e r o ne at mosphere
and equ ated this ex posure to air at 5 at mos ph e res.
They surmi sed oxygen ac ts through e nzy me inhibiti on and preferentially affec ts enzy mes possess ing SH
groups (NS: the state ment made previ ously rega rding the transmembra ne potentials in frog sk ins ) .
Pontoppidan a nd o th ers have de monstrated similar ch anges, including th e postm orte m app eara nce of
hyaline membranes, in patients fo ll owin g ve ntil ati on
with hi gh-oxyge n concentrations. A great de al of
emphasis in th e last three or fo ur yea rs has been
pl aced on this poss ibl e ca usa l fac to r of patient mo rbidity and mort al it y. In 1970, this hypoth es is was accentuated by H amilton and Singe r in a stud y of postoperative cardiac surge ry patients . It was their
conclusion th at fear of " tox ici ty" sho uld no t preclud e
th e administrat io n of oxyge n in th ose pat ient s who
needed it. A ge neral opini o n still see ms to preva il at
this tim e that cyanotic hea rt di sease. and other cond itions leading to ve ntil ation-perfu sion in equ aliti es,
shunting. venous admi xtures. a nd subseque nt lowoxygen tensio ns (and/ or hem oglobin sat ura ti on).
have a protective effec t for th e patie nt. a nd that hi ghinspired oxyge n te nsions can be used with consi d e rably less co nce rn. This conclu sio n is not necessar il y
valid. as shown by a case re port fro m th e M assachusetts Ge nera l H osp it al (New Engla nd Journ al.
May 1970), where it was di sclosed that a patient
died fro m pulm o nary insuffic ien cy with de monstrated
fibro sis fo ll ow in g prolo nged artifici al ventilation. Furth ermo re, a very import a nt study by Hills indicates
th at th e creat io n of an a rtifi c ial shunt producin g
cyanosis does not necessa ril y pro tec t a n a nim a l from
pulm o nary injury seco nda ry to high-oxygen te nsio n.
It appe ars th at certain conditions ca n dep ri ve
th e indi vid ual of protective mechani sms. Artifici ally
altered physiology can produce changes in th e reacti on of molecul ar oxygen with SH groups a nd o ther
enzyme substrates. This effect in turn upse ts elec tron
transfer balance a nd results in additio nal effects in
certain types of cells a nd subsequ entl y in ce rt a in
organ systems o r " target a re as ." These effec ts occ ur
following the ad mini strati o n of such compounds as
dipyrid ylium di chlorid e (Clements, Fisher, and Ke nneth , 1970); o r resu lt fro m the interactio n of oth er
compounds prod uc ing changes in certain trace meta ls
and in orga nic ph osphorous. Mn " and Zn " may have
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some effect in preventing the occ urence of lung
edema. Mg" see ms to have a protec tive effect aga inst
se izures resultin g from hi gh-ox ygen press ures OHP
( R ado msk i a nd Wood, 1970) . M anga nese may act
by inhibition of mitoch o nd ri al swellin g and lipid perox id e fo rm atio n in th e mitochondria ; that is, an antiox id ant effect. H oweve r, simil ar re actions may also
occur producing a n opposite effec t ; th at is, se nsitiza ti o n o f ce lls ( see below).
Th e cumul at ive end res ult s as fa r as the lun g
is co ncern ed a re: the ch anges in epitheli al ce ll populati o n; th e accumulation of both int erstiti al and alveolar flu id; and / or protein aceous materi al; the deposition of hya lin e membrane materi al; and changes in
"s urfact ant" and its properti es. Diffusion is altered,
a n "alveo lar-ca pill ary bloc k" situ at io n develops,
shun tin g occ urs. and th e pati ent then has a need fo r
hi ghe r-in spired oxyge n tensio ns to achi eve any sa ti sfac to ry sa tur ati on, whil e the "cure" is worsening the
disease process!
Th e warning seems fa irl y ob vio us : A minimum
oxygen concentrati on ( inspired oxygen tensio n )
shou ld be used to p rodu ce a n arteri al tension of app rox im ately 100 mm Hg and / or a no rm al hemoglob in sat urati o n dependi ng upon th e individual.
Individu al va ri ati ons are ve ry important and
sho uld be taken into co nsid erat io n. Th ese factors
include: age, sex. tempera ture. acid-base balance.
type and amo unt of he moglob in . MHCH . diet , vit amin leve ls. and the ad mini str ati o n of oth er drugs.
As pirin a nd asco rbic ac id see m to augment toxicity
(Serrill. et al. , 197 1). Tocopherol defic ie nt anim als
appea r less se nsiti ve to lipid peroxidation in th e
lung until ascorbic ac id and ferrous ions a re add ed
( R ask in, et al., 1971 ). Ot her fac tors such as
smokin g a nd res ult a nt ca rbon mo noxide le vels
( R odk ey, et al., 197 1) affect the response of
th e lun g. Simple imm ersion to th e head greatly intensi fi es th e pu lm o na ry react io n, primarily by pro moting
the formation of ate lectasis (B alldin , et al ., 1971 ).
Stress and its effects, especiall y increased adrenal
output , all adve rsely affec t the individual, as does
in creased thyroxin .
Conversely. thyroid blockers see m to have a
protective effect , as does the admini strat io n of sulfhydryl grou p dono rs. Others compounds such as
ANTU (a lph a naphth ylthi ourea) m ay ac t by both
actions; th at is, by a ffectin g thy roid hormo ne rele ase,
and by providing cellular sulfhydryl enzy mes and
cofactors in active red uced stat es ( Mount a in , 1963) .
If one can logically accept th e a rgu ment that th ere
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are individuals who are hypersu sceptible to certain
noxic or toxic stimuli or compounds, such as those
individu als whose susceptible targe t areas are the
red blood cells, which subsequentl y und ergo hemolysis by the interaction with other drugs, then it is just
as likely th at certain individuals are " pn eumonic all y
sensitive." These individuals may rea ct adversely to
similar circumstances with th e lun g as the "targe t
organ. "
Opposite circumstances may a pply. Certain individu als are hypose nsi tive. Th ey may react with
increased resistance, or decreased susceptibility, to
th e ac tion of what are usually considered to be
" toxic" concentrations of oxygen. This concept wou ld
certainly account for variations from th e " usual response," suc h as the one reported by Kydd : Mice
exposed to 550 mm Hg oxygen for 30 days showed
only a few of the classical pulmonary changes, but
did develop changes in the blood vessels.
Some indi vidu als are susceptible to the occ urrence of atel ectasis presum abl y du e to absorption of
gas (oxygen) , plus other fac tors yet to be determined (Burger, 1967) .
A good deal of work has bee n devoted to th e
effect of oxygen on succi nic dehydrogen ase activity
in the lung. Until recently it was thought th at this
was the most important enzy me system affec ted .
Howe ve r, Barde ll and Fowler concluded th at oth er
dehydrogena ses in lung ti ssue see m to be more adversely affected . At any ra te, ret urn of activity is
slow compared to exposure tim es; that is, 6 hours
of exposure to oxygen produced inhibitio n of the
enzy mes which returned to normal only aft er 12 to
48 hours. Int erestin gly enough in one study pentobarbital see med to have a protect ive effect. This
conclusion is in contrad istinction to th e usual nonprotective effec ts of anest hetics agai nst damage to
the CNS (see below): Residu al effect s may occur
even th ough convulsions are masked .
Viral and bacteri al di seases may grossly alt er
th e individual's se nsitivity to toxic agents such as
oxygen , and may produce changes in " ta rget are as ."
(Mountain, 1963 ). Smoking has a ma rk ed additive
effect for atelec tasis to occ ur following oxygen
ex posure. One stud y indicates th at smoke rs had
an in-Hi ght vital capac ity loss three times th at of
nonsmo kers ( Browning, 1970). Adrenalectomy,
chlorpromazine, and sy mp athetic-blocking agents
may have a protective effect, as does hypothermia
(Burrows and Edwards, 1970).
There seems to be a cross-tolerance betwee n
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some compounds which are considered to be toxic
them selves, such as Ozone and N02 (Mountain,
1963). O zone is quite toxic and produces striking
epitheli al changes includ ing hyperchrom atism , hyperplasia, and infl a mm atory changes. Central nervous
system effec ts also result. Some changes may occur
after only a few ho urs of exposure (Suskind, et al. ,

1970).
A number of interes ting concepts have developed in regard to the pulmonary changes and the
manifesta ti ons related to oxygen toxicity. A gre at
deal of weight ha s bee n given to changes in "surfactant." Earlier, in 1962 , th e e mph asis was on surfactant changes, modificati on, depletion , and interference with its formation. However, with increasing
knowledge in th e field , and increasing reli ab ility of
investi gative techniqu es, it is beginning to app ear th at
surfacta nt (changes) may ve ry well be anoth er
" ta rget," or, if not a "target," a "system," directly
and indirec tl y involved ; resulting from more basic
biochemical alteratio ns such as those mention ed
above.
"N itroge n os mosis" is a term referring to an
effect produced by the " in ert gas" nitroge n, wherein
it can pull water away from other solutio ns of in ert
gases through certain types of membranes. This is
now a popular concept in hype rb aric gas physiology.
Such biophysical al teration may very well have some
bearing on the mec hani sm of oxyge n toxicity, and
the narcotic action o f certain " inert anesthetic gases"
( neon, argon, etc.). During increased-inspired oxygen tension ( thu s increased arterial oxygen tensions
[pO, J) a gradi ent develops between the arterial
tension of p0 2 an d ti ssues. This has been call ed
a "steady-state grad ient. '' If cert ain physical circumstances are prevailing, the movement of water
mol ecules may occur ( Hills, 1971). Niinikoski and
coworkers a re under th e impression that th e primary effect of oxygen is on the capillary endothelium,
producing an increased capillary permeability and
a secondary "washout" caus ing a dep letion of surfactant a nd other phospho lipids not heretofore consid ered to be part of normal "surfactants." The
mere presence or increase of lipids in such a "washout" does not th erefore co nnote adequ ate surfactant
activity. It may indicate on ly a "washout," and a depleti o n of a lveol ar surface tension reducing materi als.
Furthermore, one need not find peroxides of lipids,
ye t detrimental effects of hi gh oxygen may have
alte red the structural lipids of cells by peroxidation
and ox id atio n a nd produced su bsequent ch anges in
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cellular membranes. Th ese in turn m ay lea d to th e
release o f proteolytic enzy mes and eve n co nnec ti ve
tissue elements m ay be released into th e alveoli.
So fin ally h aving re ac hed a discussion of "su rfactant" after all o f the above, it is with th e re ali za ti o n
that every as pec t of "oxyge n tox icity" is tied up with
the mech anisms a nd bioc hemica l utili zat ion o f th e
transport of oxyge n.
Let us quickly consider th e va rio us aspects of
alveola r-capillary diffusion pertinent to this discussion ( Rankin , 1969). Diffusio n can be defined as
the movement of molecules of gas from an area of
high concentration to an a rea of lower co ncentrati o n.
As mentioned above, th ere is direct bearing in rel ationship to art eri al gas tens ions. The move ments of
gases across th e alveolar-capilla ry memb rane is determined by : ( I ) the mea n differe nce in partial pressures of gas o n either side of the membra ne; (2) the
surface are a of th e membrane ; a nd ( 3) the permeabilit y of th e gas th rough the me mb ra ne. The third is
inversely related to th e thickn ess o f th e mem bra ne.
It should be noted at th e o utse t that the tota l distance
for perfu sion through the norm a l a lveolar-capillary
membrane a nd th e surface lining layer, etc ., is of very
small magnitude in the no rmal lung; that is, in the
order much less th a n one micron. Th e pulm ona ry
diffu si ng capacity of any gas is determined by
the ratio of th e qu antity of gas transfe rred per unit
time over th e me a n differences in parti a l pressure.
and is directl y proporti o na l to the solubilit y of the
gas and inversely propo rtio nal to th e squ are root of
the molecul ar weight (density) of th e gas. It is not
easy to calculate either th e a lveolar oxyge n tension
or the pulmo nary capillary tensio ns. Ox ygen tension
differences between the alveolar gas and arte ri a l, endcapillary blood are due to inco mpl ete eq uilibratio n
between th e gas a nd a rterial , end-ca pill ar ies, and
due to the effect of venous admixtures from a reas of
poor ventilation to perfu sio n rat ios. It sho uld be remembered th at pulmonary diffu sing capacity mu st
be reduced by ¥3 befo re norm al arteria l oxyge n
satu ra tion will be affected. This fac t should be kept
in mind in considering the so called " latent periods"
involved in oxygen toxicity in rega rd to the lung
as well as other organs. Diffusi ng capac ity varies
with whole body size, metabolic rate , age , levels of
lung inflation , alveolar ventilation, intrathoracic pressure, body position, and distribution of inspired gas.
The H amman-Rich syndrome is a cl ass ical exa mple
of the unfortunate patient who requires incre as ing
amounts of oxygen to hi s own detrim ent. Th ere ap-
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pea rs to be exce ll ent correlation betwee n problems in
diffusing ca paci ty and pulmo nary membrane dam age
(etc.). D o the inc reases in areas of poor
which
account for much o f th e loss o r decrease in diffu sing
capacity result from changes in surfactant alone with
in creased sur face tensio n, o r does there occur an increase in pulmonary vascular resistance seco nda ry
to the capillary pro liferat ion and "granul ation tissue"
for ma ti o n not ed by Pra tt as o ne of the toxic effect s
of oxyge n ( not the cl assica l effec ts of hypoxia)?
Capillary congestion , an ea rlier m anifestation, may
mas k problems of diffu sion since it will tend to balance th e m out.
Wh at th en is "s urfac tant ," and how does it a pply
to the concept of oxyge n tox icity as we know it in
the lung? Many workers h ave be en invo lved in the
fi eld for a number of years: these includ e Pattie,
Clements and Fisher, Mo rga n, Sutnick, Said, Scarpelli , T ooley, a nd others mentioned above. A brief
summ a ry of th eir obse rvati o ns and conclusions as it
applies to the top ic under di scussion is now in order.
Surfactant. It wou ld be mo re appropriate to u se
th e termin o logy "surfacta nt syste ms," "surfacta nts,"
or "alveo lar lining materi als." Unfortunately, until
rece ntly at least, the app roach has bee n most ly an
a natomic a l one, utilizing electron microscopy. The
elec tron microsco pe has enabled in vestigators to find
va ri ous structures not heretofore know n and h as led
to certain hypoth eses abo ut the o ri gin, function , a nd
elimin ati on of th ese lining materials. At th e outset,
it is very import ant to reali ze th at th e lung is not a
passive organ respondin g to fillin g a nd emptyin g, but
is a very active o ne in th e body. With a surface area
of a pproxim ate ly 70 meters squ are, and an estim ated 300,000,000 alveoli , this fact is quite significant ( Scarpelli, 1970).
In 1929 , Yo n Nee rgaard no ticed th e differences
betwee n fluid-fill ed and a ir-filled lun gs in the forces
needed to ventilate, and pressure-volume relationships. Pa ttie , in 1955 , noted the characteristics of
pulmon ary edema foam were such as to indic ate
lowered surface tension. This was followed by the
work of Clements a nd others which showed th at a
surface-tension-l owering substance was present in
lun g tissue. Since th en , biochemical analysis has indicated that th e materi al is made up of a complex
mixture of lipids, protein , a nd carbohydrat es, chief
among which is dipalmitoyl phosphatid yl choline
(DPL) (palmitic acid) . DPL makes up abo ut 50 %
of the lipid fr ac tion of th e laye r. This named lipid
h as been used inte rch angea bly with " lecithin ." It is
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impo rt ant to note th at th e surface-tension-lowe rin g
p ro perti es depend upon th e prese nce of two .rn1ura1ed fatty acid res idues. Inclu ded in th e comp lex are
albumin and ca rbohydrates (po lysacc harid es). In th e
lung. or alveo li as the case may be. a surface inte rface exists between a ir and a li q uid o r hypophase.
lining th e alveo li . The surface tensio n a long the
alveolar linin g re sult s prim aril y from molecul a r
cohes ive forces whi ch produce a tend ency towa rd
collapse. Thi s force is related to La Pl ace's th eo rem
which in turn relates surface tension (T) in versely
to th e radii of spheres a nd proportionately to
the pressure of gas within th e sp heres or, as in
this case. th e alveoli . ( P = 2T / R ). Th e result is
a tendency fo r liquid to form increas ingly small er
spheres, leadin g to an ever-in creas in g tendency for
coll apse . This fo rc e is counterac ted by the effects o f
the "surfac tant groups." so that a new end-surface/e nsion , in ac tu alit y a surface press ure. result s. Thi s
sur face pressure force opposes th e fo rces o f plasm a
and oth er ti ss ue fluid s which have a surface tensio n of
about 50 dynes per cm. Consid erabl e elas ti c recoil
results for th e lun gs. Fo rtun ately, th e te ndency of th e
large r alveoli to beco me larger and large r as th e
small er alveo li empt y into th em (fo ll owi ng th e above
ph ysical laws) is offset. Th eore ti ca ll y, at least, th ere
is so me uni fo rmit y to a lveo lar co nfi guration and size,
alth ough th ere is now some doubt as to whether o r
not alveo li ac tu all y ex ist as tru e spheres. Max imum
intra-alveo lar pressures probably ex ist at th e prec ise
mome nt when th e developin g hemi sph ere at th e end
of th e respirato ry bro nchiole has a dia meter equ al to
th at of th e termin al res pira tory bronchiole. Following thi s point, some in stability and dec rease in pressure occ urs, with limits o f expa nsio n se t by the elasti c
ti ssue of the lun g. a nd so fo rth .
Surfac ta nt s are consid ered to be bipo la r in nature a nd to ass um e th is confi gur ati o n anato mi ca ll y in
th e hypo ph ase bo und ary area. The cholin e, or h vdrophi/ic, gro up is ass um ed to assoc iate with th e p~ote in
area of th e hypoph ase: and th e two hyd roph obi c
fa tty acid sid e cha ins beco me ori ented toward th e
alveola r a ir side. fo rmin g a co mpress ibl e film or
surface-tension-lower ing film . Increase d compressio n, such as would res ult fr om coll apse of a lveoli ,
actu all y produces a dec rease in surface tension. Th e
result is an equi li bration o f tensions betwee n th e
la rge r and small er a lveoli . Th e cholin e gro up, stated
to be assoc iated with protein , cont ains an io ni zed
qu arternary ammo nium group whi ch is sta bili zed by
the prese nce o f both calcium and sodium io ns.
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T o summ a ri ze bri efl y : Th e activity and structure of surfact ants is affected by a number of factors,
includin g : (I) heat , which will reversibl y in activate
it; (2) cha nges in pH ; (3) th e presence of blood ;
( 4 ) elect ro lyte concentrati ons.
It is ge nerall y th ought th at surfac tant s are produced by " type II " alveolar ce ll s and are secreted
int o the alveoli where they become inco rpo rated into
th e linin g laye r. These are presumed by so me to be
found as cytopl as mic inclusion bodi es, or os miophilic
lamell ar inclusions. Th e inclusions are found in much
lower numbers in th ose spec ies (non-mamm ali an )
lacking o r havin g dec rease d surfa ctant levels. T wo
ma in th eori es ex ist: (I ) th at the giant alveo lar cell s
form and sec rete th ese o rga nell es o r inclusion bodi es ;
or ( 2) th at th e o pposite is tru e, th e giant cells are
res ponsib le for th e ph agocytos is and breakd own of
th e surfac tant s, producti o n bei ng elsewh ere-the
no ncili ated bronchi olar cell for exampl e.
Nonethe less. sy nth es is turnover is rapid , C 14
la beled ph os ph olipids a ppea r in pulmon ary phosph olipids within 5 minut es aft er intravenous injection , and a half-li fe of 14 ho urs is estim ated fo r the
surface acti ve lec ithins. It is poss ibl e th at th e entire
lipid synthesis of lecithin occ urs within th e lung itself.
Th e mec ha ni sms of lec ithin sy nth es is can take se veral paths, as has bee n nicely described by Morga n.
Of impo rt , in rega rd to th e poss ibl e effect of oxygen
on th e syste m, is th e ra pidit y o f metabolism. equ ating
the lung to th e li ve r in so me respects. This could
produce a res ult so th at any occ urrence. ph ys ica l or
chem ica l. interferin g with m eta boli c generatio n of
e ith er th e lipids a nd / or ca rbohydr ate a nd protein
mo ieti es mi ght throw a natural " monk ey wrench"
int o th e system , thu s accountin g for the so-called
" /a1 en1 period" sa id to ex ist in the development of
oxyge n tox icity. Th e term " latent peri od" has very
littl e co mpa tibility with basic tox icologic al hypotheses. The prese nce of pac kets of surfacta nt mi ght
slow dow n th e depleti on rates and subsequ ent alterati ons in ac tivit y until such lac k o f activity produc ed
a fair ly ra pid o nse t of sy mpto ms and signs. Th ere
is no do ubt th at th e situ atio n is complex. Eve n the
simpl e concept of a single laye r of surfacta nt is
und er sc rutin y a nd rev isio n at thi s time.
Thus indirectly, oxyge n m ay affect orga n systems such as th e lung thro ugh direct acti on at
a ve ry basic metabo lic leve l. Surfactant changes
are rela ted to oth er clini ca l co nditi ons such as the
Resp iratory Distress Syndrome of the newborn ,
changes fo ll owing pulmo na ry a rterial occlusion with
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decrease in surfactant ac tivit y ; and an excess of surfac tant has bee n postul ated in the di sease of pulmo na ry alveolar proteinosis. One mu st bea r in mind
th at multi-cau sal fact o rs o perate in th ese di seases,
and th at the in a ppropri ate admin is trati o n of " hi gher
th an needed" conc entrati o ns of oxyge n ( a somewh at
ambiguous phrase ) may co ntribute to th e problems
developing in vari ous o rga ns through th e mechani sms
discussed above.
Toxic Effects on Other Systems. Although the
primary toxic effects of oxyge n at less th an o ne atmosphere (7 60 mm H g) see m to be prim arily manifested by changes in the lungs, or at least a ppear
to be so orient ated fro m th e standpoint of anesthesiology, it is rath er illogical to ass um e th at all
systems and o rga ns in the body are not involved.
The a ppearance of signs and symptoms is related
to a time-dose fac tor, th at is, related to exposure
and/ o r circulatio n.
T wo fund amental fa cto rs pert ain rega rding
oxyge n toxicit y: (I) The meta bolic consequences
occur at th e most basic levels of cellular and mitochondrial or membra ne ac ti vit y, and , co nsequentl y,
must involve all areas of physiology and biochemi stry
within the bod y. (2) The "l atency" of reactio n
should more a ppropri ately be called th e " tim e" of
reaction. These co nsideratio ns are certainl y mo re in
keeping with the basic tox icological principles of
time-dose respo nse. The intensity, durati o n, susceptibility of the subj ect, type of exposure, temperature,
th yroid acti vity, presence o r abse nce of oth er dru gs,
elements, and trace metals, the condition of th e
acid-base statu s, carbon dioxide elimination , 2-3
DPG levels, hemoglo bin levels and types. sex, interaction and state of the adrenal-pituitary system
and th e sympathetic nervo us system, perfusion, and
other fac tors all determin e which orga n system will
be affected and at what time.
Central Nervous System Toxicity. The toxic
effect of oxyge n at higher th an ambi ent ( 760mm)
pressures on th e CNS o rdin aril y does not co ncern
anesthesiologists unl ess they are operatin g und er
specific conditi ons of OHP in speci al chambers.
However, the entrance of industry , agriculture, and
oth er intere sts into underwater livin g and working
conditio ns will produce a much larger po pul ati o n
of indi viduals exposed to dysbarism and oxyge n
toxicity. It is logical to assum e th at medical personnel specially trained in ca rdio-pulmonary resuscitati o n, and so forth , will be called upon to
ass ist in the di agnosi s and therapy of such in-
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dividu als. Furthermo re, considerin g the basic nature
of th e processes of oxyge n toxicity, one must have
so me reservation s about the possible adverse effects
of oxyge n on th e CNS at 760 mm or less, oth er th an
th e well-known vasoco nstri ctive effects upon cerebral
vasculature, and th e tend ency fo r hyperventilation
which is commo nly seen.
Class icall y, th e CNS ex pression a ppea rs as a
convul sio n, usually beginning with more foc al signs
such as twitching about th e mouth and eyes, and
perha ps the small muscles of the hand . It is import ant to remember th at mentati on may be quite
clea r until th e abrupt onset of the convulsio n, which
proceeds throu gh usual tonic-clo ni c stages. Attempts
at decompression during periods of glottic spasm
may result in rupture of the lun gs . Unlike the usual
seizure, blood arteri al oxyge n tends to remain at
norm al or higher than usual levels if th e patient is
under OHP ( ox yge n-high pressure ) . Central nervous
system toxic reactions are intimately involved with
pC02 levels and acid-base balance, including lacta te/ pyruvate levels and ratio s. F ac tors oth er th an
metaboli c o nes also pert ain, such as circadian
rhythm s, which may alter the susce ptibility to convul sions ( H of, et al., 197 1) . At th ree atmospheres
( OHP) , anim als treated with acetylsalicylic acid
and/ or asco rbic ac id, and tocopherol defici ent animals, began seizures ea rli er and di ed sooner than
oth ers (Serrill , et al., 197 1) . The protecti ve effect
of magnesium has already bee n mentioned.
An esth etic agents may mask th e convulsions of
ox ygen toxicity, but do not appear to preve nt the
C NS damage produced by it which commonly results in spastic paralysis, and so forth . In fac t, a
recent and di sturbing stud y by L assiter has indicated th at in th e prese nce of only 5 psi, exposure
to oxygen for two weeks (233 mm H g) greatly reduced levels of acetylated and un acetyl ated coenzyme A in the bra ins of the anim als. This occurred
in th e absence of overt signs of CNS toxicity. Apparentl y, nitroge n seems to have a " masking" o r
" qu enching" effect, casting further doubt about its
pres umed " inertness." Coe nzyme in activ ati on is postul ated to result fr om : (a ) direct oxid ati o n of th e
sulhydryl groups; (b) fro m a block in sy nthes is,
produced by oxygen itself th rough fo rmation of
oxygen-m etal ion complexes; and ( c) by the form ati o n of free radicals elsewhere. These changes
produce interference with th e tran sfer of two-carbon
unit s, with a subsequ ent block of glycolysis, and malfunctionin g of th e tricarboxylic acid cycle.
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A rece nt pa per by Kuperm an has shown that
the admini stration o f oxyge n fo ll ow in g bil ateral
cordotomy ma y produce slee p-ind uced ap nea, or
" Ondin e's curse," possibly throu gh effects on the
aortic-carotid reflex mech ani sms. It can be see n fro m
th e above that th e effec t of oxyge n o n th e CNS is
quite co mpl ex and o nl y now beco min g mo re fully
ap prec iated.
Effect of Oxygen on Red Blood Cells. A s previously mention ed, o ne of th e keys to understanding
oxyge n tox icit y is a clear comprehensio n of the very
complex and. up to now, not entire ly clear mec ha ni sms of oxygen transport a nd it s relat io nship to
membran e function.
If one acknowl edges th e fac t that hypox ia per
se is a ma rk ed st imul ant to erythropoe isis. o ne wo uld
ass ume de press ion of bone marrow function upo n
exposure to hi gh co ncent ratio ns of oxyge n. Thi s is
not necessarily th e case, and th e effec t of hi ghoxyge n tensio ns o n DPG leve ls is not en tirely clea r.
There are co mbin ed effects o f increased pC0 2
levels, difficulties in " un sa turatin g" oxyhemoglo bin ,
and resultant dec rease d pH levels (Astrup . 1970 ).
Further influ ences of the pituitary and th yroid mu st
be conside red (Rodriquez and Sh ahidi . 1971) .
Ascorbic ac id and ASA m ay se nsitize th e red
blood cells to lys is (Serrill , et al. , 197 1) . Vitamin E
defi cient anim als are markedly se nsitive to th e rapid
dest ructi on of rbcs , wh ich in part is caused by the
ac tu al peroxidation of lipids in th e rbc membrane.
Th ere appea rs to be a selective effect o n old er rbcs
(Sabin e a nd Leon. 1971) . In cert a in susceptibl e
a nim als, such lytic act ivity may occ ur at less than
o ne a tmo sph ere, manifestin g itse lf by imm ediat e
effects o n old ce ll s. and delayed effec ts on th e
yo un ge r cells which de monstrate d ecreased mea n
potenti al life spans. A diet of alph a tocopherol , an
antagon ist to lipid perox id ati o n will aboli sh o r prevent thi s lyti c activity. Severa l a reas a re involved ,
includin g an erobic glycol ys is, hexo kinase ac ti vit y,
glucose 6-ph osphat e dehydroge nase activity , acety lcholin esterasc ac ti vi ty, a nd spec ific grav it y. It appea rs to be a me mbra ne ph enom eno n. T o co nfu se
th e iss ue eve n more, one stud y of angin a pcc to ri s
and oxyge n tra nspo rt has indicated th at it s occ urrenc e may actually decrease oxygen aflinity o f th e
hemoglo bin without changes in DPG levels, poss ibl y
second ary to " hum era l factors " (Shappell , et al.,
1970) . On e thin g is certa in , th e va rio us metabo lic
activiti es invo lved in oxyge n tra nsport a nd membra ne function are no t a lways predictable no r finite ,
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and changes which occur unde r one se t of circumstances may va ry considerably under a slightly different set of para meters, addin g to the complex ity
of response and int eracti on.

Toxic Effects of Oxygen on Liver and Kidney.
With the current interest in " hal oth ane hep atiti s,"
and th e renal effec ts of Penthra ne:!D, more emphasis
sho uld be give n to th e possibl e tox ic effects of other
dru gs and age nts, a nd th eir poss ibl e interacti on. The
multiplicity of fact o rs operating have bee n di scussed
a bove. In 1965 , F eli g rev iewed th e literature ava ilabl e on oxygen tox icity at th at time and , supported
by experiments in Wri ght Patt erso n Aerom edic al
R esea rch L aborator ies, came to th e co nclu sio n that
ev id ence indic ated the fo ll ow in g : Expos ures to only
258 mm H g o f oxyge n fo r one week produced subcellul ar hepatic and rena l alteratio ns, visible on
elec tron mi croscopy, in th e absence o f pulm onary
hi sto path ology . These changes includ ed mitochondri a l enl arge ment , clumping, and dege nerat io n of
membran es. Sodium lactate seemed to have a protective effect; lactate metabolism occurs through
oxida tion and th e transfer of electrons to DPN.
Oxygen at ten sions higher th an one atmosphere
increases lipid biosynthesis (Adams and Norton ,
1971). On th e oth er hand , oxygen may indirectl y
a ffect protein sy nthes is by a ltering di eta ry habits
( L eo n. et al. , 197 1). This could be considered a
subtle for m of oxygen toxicity.
In sofar as th e kidn ey is conc ern ed . important
findin gs releva nt to kidn ey structure and function
were report ed by H ess a nd M enzel in 1971 . In
anim als subj ec ted to di etary de pl eti on. particularl y
Vit amin A , a 35-day exposure to I 00 % oxyge n
produced ch anges in the proximal convoluted tubules, leading to an increase in lipid levels. The se
c ha nges were pres umed secondary to decreased
fatty acid metaboli sm.
Conclusion. The adverse effect of overexposure
to oxyge n, th at is, "oxyge n toxi city," involves virtuall y every o rgan system in th e body, includin g the
lun g. eye, kidn ey, liver. and erythropoe tic system s.
Th e effect follows c lass ic toxicol ogic al principles, for
th e most part relating to tim e a nd dose of ex posure,
which in turn alt e red by th e relati ve proximity of
a ny particul ar organ to hi gh-oxyge n tensio ns. Obviously, the lung has th e greates t ex posure directl y.
The effect o n ot her orga n syste ms is primarily determined by th e circulation a nd oxygen carrying and
transport systems ( Skinner. 1972; Siekevitz. 1970).
Most o f th e e mphasis in this paper has been
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upon the basic effects of high-oxyge n tensions on
enzymatic membrane and substrate systems. since
it appears that altered biochemistry at these levels
determines the ultimate manifestations of the toxic
response. be it pulmonary, hepatic. ophthalmologic.
and so forth.
More definitive criteria for controlling inspired
and transported oxygen are needed. Even the presence of cyanotic heart disease with shunting and
desaturation , or primary pulmonary failure per se,
do not necessarily protect the individual against th e
deleterious effects of over-oxygenation . Thus a
paradoxical situation develops wherein the administration of oxygen as a lifesaving mea su re eventually
may produce fatal consequences.
Anesthesia personnel will become increasingly
involved in situations related to such exposures to
oxygen at high pressure (OHP) such as will be
found in the new fields of industry a nd agriculture
now being developed underwater, sometimes at great
depths. It is the responsibility of the specialty to
continue basic a nd clinical research in these areas
and to expand clinical teaching to encompass the
management of related problems.
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Proper Use of Mechanical Ventilators*
JAMES P. BAKER, M. D.
Associate Professor of M edicine,
Director, R espiratory Intensive Care Unit ,
Medical College of Virginia. Richm ond , Virginia

The widespread use of mech a nical ve ntil ato rs
over the past ten to fift ee n yea rs has g rea tl y co mplicated respiratory ca re. As ven til ators become
more sophi stic ated , th e requi re ment for physician
knowledge becomes grea te r, sinc e most of thi s equipment can cause major har m as well as provide adequate ventilation.
There a re two basic types of mec han ical ve ntilators: the pressure cycled and th e vol um e cycled .
E ach has inhe rent asse ts a nd proble ms. The pressure
cycled ventilator is generally o perated from a compressed gas source a nd deli ve rs to th e patient varying mixtures of oxygen , depending upo n the so urce
gas and the press ure-fl ow relati ons of the mac hine
and the pati ent's airways . This is a major problem
with most pressure cycled ventil ators. Th e conce ntrations of oxygen are unkn ow n unl ess they a re carefully measured and controlled. In add itio n, th e pressure cycled ve ntil ator cycles off when it arrives at a
pressure set by the operato r, thu s tidal volum es can
be greatly varied as lung compliance c ha nges . Therefore , one mu st measure the oxygen delivery and tid al
volume ge nerated by suc h ven til ato rs to provide
adequate oxygenation a nd ventilation. The major
assets of pressure cycled ventilators a re th at th ey
are relatively inexpe nsive, small in size, and very
versatile.
The volume ventilators, by co ntrast, deliver to
the patient a controlled tidal volume, ind epende nt
of the press ure required to ge ne rate such a volum e.
With consta nt volume delivery , minor variati ons in
lung complia nce and airways resistance are less
likely to result in majo r ve ntil ato ry changes. Most
volume ve ntil ators have a dev ice whic h directly controls oxygen delivery to the pat ient , or a system with
• Prese nted at th e 25th Annu a l Stoneburn er Lecture
Series, February 26 , 1972, at t he Medica l Co ll ege of Virginia , Richmo nd.
MCV QUARTERLY 8(2): 123 -126, 197 2

a nom ogra m which allows one to arrive at the inspired oxyge n percentage. H owever, there are some
which req uire that oxyge n perc entage also be measured as in the press ure cycled ventilators.
It ca n be recogni zed that the primary factor in
the proper use of mechanic al ventilators is physicia n and / or inhalat ion therapi st knowledge of a part ic ular machine, and their ability to relate the patient
to suc h a mac hine . In considering what a mechanical
ve ntil ato r should do, the following equation demonstrates th at to increase a patient's alveolar oxygen
percentage, o ne can either increase the inspired
oxyge n pe rc entage, decrease oxygen consumption, or
increase alveolar ventilation.
F ., o, = Fr o, - vo,/V.,.
= <';O alveolar 0 2.
~, ., , = (Ila in spired Oz.
Yo, = O , consumption.
= effective alveolar ventilation .
V_,
F ., u,

Mechanical ve ntil ators function in several ways to
provide these changes. The inspired oxygen concentration ca n be controlled at any level necessary for a
given patient. By assuming part of the work of
breathing, mechanic al ventilators will decrease
oxyge n co nsumpti on, particul a rly in those patients
who have a rema rk able increase in the work of
b reat hing. Additi onall y, alveolar ventilation can be
increased or dec reased with a mechanical ventilator
by adjusting th e patient's tidal volume and/ or
respiratory rate. Since all of these factors are of
direct importa nc e in oxygenati o n, it is valuable to
re membe r this equation. Also important to keep in
mind is th at the level of ca rbon dioxide tension is
co ntroll ed by the level of alveolar ventilation. As
alveola r ventil atio n is increased, carbon dioxide tensio n will be decreased and vice versa. (Since we are
discussing the proper use of mechanical ventilators,
I have c hosen to di sregard the use of ventilators for
intermitte nt positi ve pressure breathing therapy.)
123
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Jn considering the mec hanic al venti lators, one
must think of the indication for their use:
I. To substitute for the normal work of breathing.
2. To ass ume a n incre ased work of breathing
with increased airway or ti ss ue resistance
or increased dead space ventilation .
3. To change to a more effecti ve pattern of
ve ntil ation .
4 . T o stabili ze th e ch est wall aft er chest traum a.
5. T o man age pulmo na ry congestion or edema.
6. T o improve oxyge nati o n when severe hyp ox emi a cannot be co rrect ed by oth er mea ns.
Although so me of th ese indicati o ns mi ght be better
sati sfi ed with a particular type of respirator, with
proper knowledge and experience a pressure or
volume cycled ventilator mi ght reasonably well provide for any of these indic atio ns. Thi s is a very important consideration as people become more and
more dependent upo n the more expensive volum e
cycled venti lators. It may be easier to ma nage a
patient with multipl e complications wi th these type s
of ve ntil ators, however, it is in many circumstances
unn ecessa ry. Therefo re, it is appropri ate to contrast
the compli cations which occ ur with th ese two types
of ventil ato rs.
Complications of Mechanical Ventilation
I.
2.
3.
4.
5.
6.
7.
8.
9.
I 0.

Problem s of tube s or trac heostomies
Reducti o n of venous return
Atelect as is
Oxyge n tox icity
Infection
Acid-base abnormalities
Gastrointestinal co mplication s
T ec hnical a nd mec hani cal co mplic ation s
Emotional problems
Mi scellaneous

Intubation of a major bronchus leadin g to atelectasis of the other lung, tube dislodgment, laryngeal d amage or edema, or post-ex tub ati o n laryngeal
probl ems are well known to anesth esiologists. Th e
tracheosto my avoid s these problems which occur
above th e tracheostomy site; however, it co ntributes
the additio nal problems of an open wound and a rigid
tube through the neck, which might lea d to bleeding,
tracheosto my-s ite infec tion , o r necrosis with erosio n
of vessels. Tracheal stenosis may foll ow either
tracheostomy or indotracheal tube intubatio n . There

is little difference in the frequency of these complication s with a pressure or volume cycled venti lator.
R eduction in venous return resulting in decreased cardiac output, in our experience, has been
much more commonly a problem in pati ents who
are hypo vo lemic. Auto nomic dysfunction and prolo nged hypoxemia also a re factors with this complic ation. To avoid thi s, one must monitor the blood
pressure and urin e o utput , and reduce mean inspiratory press ure, in addit io n to providing adequate fluid
volume. This is probabl y the major indication for
the use of a volum e ventilator to deliver the tidal
volume rapidl y, pa rticularl y in patients with high
compliance losses or high a irway resista nce. In these
insta nce s, a pressure cycled ventilator may require
too lo ng a tim e to provide an adequate in spiration
ma inta ining a positive intrathorac ic pressure for excessive pe riods. M ost ve ntilators are fitted with a
negat ive press ure device which operates du ring the
end of ex ha lation to enh ance venous return. This
in o ur hands has been of little o r no value and , at
le ast in patient s with chron ic obstructive pulmonary
disease, is rel atively contraindicated since it produces
cl osure of the poorly supported a irways, leadi ng to
miliary atelectasis.
Atelectasis occurs in patients on prolonged mechanic al ve ntil ation , particul arly in those with a
hi gh-in spired oxygen perc ent age. It may be manifested in numerous ways; however, typic all y it is
indic ated by an increase in oxygen requirement and
decreas ing compliance . Complianc e loss is indic ated
by increasing inspiratory pressures to provide the
sa me tidal volume or a decrease in tid al volume with
a fixed inspiratory pressure . To avoid thi s problem,
a proper respiratory pattern which provides for overall venti lation of the lungs must be established. Continu o us pos iti ve pressure ve ntil ation , infl ati on hold ,
and intermittent sighing a re all approaches to this
problem . Most volume ventilators have the abil ity
to perform one or mo re of these functions . However,
th ey ca n also be re adily handled with a pressure
cycled ve ntil ator with proper inhal ation therapy or
nursing c a re to provide for intermittent deep breathing of patient s and adequ ate a irway toilet. A very
impo rt ant factor in prevention of atelectasis is adequ ate humidification of in spired gases. Chest physiothe ra py, sucti o n, a nd bronchoscopy a re also hel pful
in the avoidance a nd treatment of thi s problem .
I would like to mention that oxygen toxicity
usuall y occurs on ly with high-inspired oxygen percentages a nd it is greatly enhanced by prolonged
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exposure. There are obviously multiple factors involved. It is of interest in our experience that if it
does occur, it appears largely reversible if the patient
survives. Particularly important to mention is that
most all pressure cycled ventilators deliver higher
oxygen concentrations than one would suspect. A
common misconception is that on the air dilute setting
these ventilators deliver 40 % oxygen. Therefore, one
must set up this type of respirator by measuring
oxygen delivery to avoid oxygen toxicity. This is
done either by operating the pressure cycled ventilator with compressed air and adding oxygen, or by
adding compressed air to an oxygen-driven machine
while monitoring inspired oxygen percentage. One
must be aware that as the pattern of the patient's
breathing changes, there will be varying percentages
of oxygen delivered by these types of ventilators.
Infection is a major problem with mechanical
ventilators since the warm, humid inspired gases, tubing, nebulizers, and humidifiers provide good culture
media for many gram negative organisms. Mechanical ventilators have been found to be a source
of gram negative infection in many hospitals. In our
experience in culturing respirators, we have found
that no respirator had organisms cultured from it
prior to the organism being grown from the patient's
sputum. Thus if respirator tubing is changed at least
daily and sterilized properly prior to each use, the
probability that these machines will result in spread
of infection decreases. The practice of using a machine on more than one patient must be condemned
unless everything from the respirator head out to the
patient is changed between patients. Infection is
managed with proper identification of the organism
and specific therapy.
Inadequate humidification of inspired gases is
one of the major problems in the use of mechanical
ventilators. At room temperature (70 °F), a gas
saturated with water vapor contains approximately
20 mg of water per liter of gas. At body temperature,
44 mg of water are required to saturate a liter of
gas. Since normal tracheal air is 100 % humidified
at body temperature, it is practically impossible to
provide adequate quantities of water to equal the
normal condition without passing the inspired gas
mixture through a heated humidifier or nebulizer.
This fact makes the use of heated humidifiers or
nebulizers absolutely necessary with ventilators to
avoid drying and damaging airway mucosa and obstruction of airways with inspissated secretions.
Most patients who have chronic respiratory
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failure wi ll have a compensated respiratory acidosis.
As carbon dioxide is removed with an efficient mechanical venti lator, severe post-hypercapneic metabolic alkalosis may be produced. The ability of
di ssolved carbon dioxide to traverse the blood brain
barrier with great ease and the resistance of bicarbonate to cross th e same barrier may result in central nervous system alkalosis if PaC0 2 is too rapidly
reduced. This can lead to convulsions, coma, and
death, and must be considered in all patients who
are being placed on mechanical venti lators. For this
reason , the arterial pH rather than the PaC0 2 should
be the controlled variable. There is evidence to indicate that patients on mechanical ventilators will
retain fluid , therefore , patients must be weighed daily
and electrolytes must be measured frequently.
A significant number of gastrointestinal complications are seen in patients severely ill with respiratory failure. The most life threatening is gastrointestinal bleeding. This, while a significant problem, has
not been too common in our experience . A more
common problem is gastric distension or paralytic
ileus in patients with severe lung disease. This may
result in limitation of movement of the diaphram
a nd a decrease in venti lation as well as basilar lung
atelectasis.
Technical and mechanical problems must always be considered. The ventilator which becomes
disconnected from a patient or malfunctions is of no
value to the patient. Thus there must be a positive
connection between the patient and the respirator
for the machine to function properly. We have
adopted the use of the Morch tracheostomy tube and
have had little difficulty with disconnection following
this change. Since such problems may be life threatening and each type of respirator has a particular
set of associated problems, the therapist or physician must be familiar with the problems which are
possible with a particular type of ventilator. Changes
in ventilatory or oxygen requirements must always
be considered in managing patients on ventilators.
Therefore one must measure these modalities frequently. Obviously, there are human errors in management and the scope of these is beyond this discussion.
The miscellaneous complications which occur
are multiple. Major cardiovascular problems, such
as arrhythmias, digitalis toxicity, and pulmonary emboli are not necessarily related to ventilators; however, they must be recognized in patients on ventilators. Pneumothorax and mediastinal emphysema
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must be antic ipated, si nce they may cause marked
difficulty and frequently occur in ventilator patients.
The ot her major problem is weaning a pati ent
from a ven til ator. There are several factors to utili ze
in dec iding when to begin weaning a patient:

I. Oxyge n requirement: alveolar-arteria l oxygen gradient should be less than 300 mm
Hg breathing 100% 0 2
2. Tidal volume : grea ter th a n 10 cc per kg
body weight off respir ator
3. Vital capac ity: greater th an twice the tid al
volume
4. R atio dead space to tid al vo lum e (Yd per
Vt): less th an 0.5
5. Tn spiratory negati ve press ure : more than 20
c m H 20 negative press ure
These a re obv iously not the onl y factors in weaning.
The clinical judgment of the nurses and inhalati on
therapi sts is of major import ance and is relied on
heavi ly in our respi ratory care unit. There are several problems which we routin ely see in patients
who are diffic ult to wean from respirators. The patient must be ready emotion all y as well as physiologicall y to be removed from the respirato r. He
shou ld have a rter ial blood gas values controlled
near to those th at he can suppo rt o n hi s ow n without
ass isted ventil ati on. The p at ient should be cyc ling
the ve ntilato r him self; although this is unnecess ary ,
it is helpful. Adequ ate humidific ation mu st be provided at all tim es when he is off the ve ntil ator or
he will have furth er probl ems with sec retion s a nd
airway obstructio n. Hi s secretions shou ld be under
optimal co ntrol. One shou ld begin with brief peri ods
off the venti lator, that is, fi ve to te n minutes per
hour. Time off the ve ntil ator is prolonged as the
patient's tolerance increases. Even while the pat ient
is off th e ve ntil ato r, hi s lun gs should be hype rex pand ed freq uentl y. Arte ri al bl ood gases, vital signs,

a nd pati e nt conditio n mu st be observed repeatedly
during thi s period. We have always all owed the
pa ti ent ini tia ll y to sleep on th e ve ntil ator and be
weaned onl y durin g th e daytime; then he finally is
all owed to sleep without ventil atory assistance. Another ve ry import a nt aspect o f weaning the patient
is emotional support. A p atie nt who can communicate voca ll y has a much b~tter opportunity for a
re aso nable emoti onal state. Our policy is to put in a
li gh tweight pl as tic tracheostomy tube which can be
plu gged to a ll ow the p atient to ta lk while he is being
weaned. This procedure in many circ um stances has
bee n of great value.
The proper use of mechanical ve ntilators is
related to many problems; howeve r, the primary one
is the kn owled ge o f the ph ys ician, nurse, inhalation
th erapi st, and other paramedical personnel with a
give n ventilator. It is important to remember that
there are certa in inh erent problems with all ventilators. These probl ems mu st be carefu ll y sea rched for
and avo ided.
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Postoperative Ventilatory Care*
TERRING W. HEIRONIMUS, Ill, M. D.
Associate Professor of Anesthesiology, University of
Virginia School of Medicine, Director of Inhalation Therapy,
University of Virginia Medical Center, Charlottesville, Virginia

Postoperative ventilatory care implies that
some significant percentage of surgical patients cannot breathe adequately in the postsurgical state and
need to be appropriately assisted in order to do so.
It further implies that there may be some difficulty
in or complication resulting from such care. Both
implications are correct.
However, if we are to deal effectively with this
problem, that is, if we are to correct some defect in
a physiologic fashion , we must understand how postoperative ventilatory mechanisms and physiology are
upset.
While many forces, both pre- and intra-operative, come to bear on the immediate postoperative
ventilatory status of the patient, the common
denominator in virtually all instances is hypoventilation. Unfortunately, for the patient's sake,
this physiologic abnormality occurs at a time when
normal protective reflexes and a fully alert state of
consciousness are wanting. For some hours, or
even days, the patient exists in a physiologic "twilight zone"-neither surgically anesthetized nor fully
capable of protecting himself from his environment.
What causes this hypoventilation? Obviously,
many factors related to both the anesthesia and the
surgery are responsible .
Every known general anesthetic, barbiturate,
narcotic, sedative, and tranquilizer is a central nervous system depressant, and in sufficient dose will
depress ventilation. Muscle relaxants, which frequently produce a greater effect in the immedi ate
postoperative period than we think they do, impair
ventilation by their action. In addition, anesthesia
even of relatively brief duration, predisposes toward
the development of diffuse, generalized micro• Presented at the 25th Annu al Stoneburner Lecture
Series, Febru ary 26, 1972, at the Medical College of Virginia, Richmond .
MCV QUARTERLY 8(2 ): 127-130 , 1972

atelectasis. A series of blood gas analysis routinely
performed on young, healthy women immediately
following elective uncomplicated D&C will soon
convince even the most skeptical that something is
amiss in the efficiency of breathing. Arterial oxygen
tension in these circumstances is almost invariably
depressed, even when the PC0 2 is normal. Now, add
to this array of abnormalities the fact that some
anesthetics produce a degree of metabolic acidemia,
and th at this in turn will adversely affect the metabolism and pharmacologic reversal of certain relaxants. The stage is now set for a potential disaster.
Next come the adverse effects of surgery. The
immediate postoperative effects on pulmonary functions of elective upper abdominal surgery are typical. The patient is in pain ; he splints; he typically
breathes rapidly, but shallowly. He either cannot or
will not take a deep breath, and therefore, cannot
cough effectively. Secretions tend to accumulate,
and we have another reason to develop atelectasis.
The upper abdominal procedure is more depressa nt to the postoperative vit al capacity than the
lower abdominal operation . Non-abdominal (and
non-thoracic) procedures are not associated with any
significant change in pulmonary function related to
the surgery per se.
The type of anesthesia, whether conduction or
general, has considerably less influence on the adequ acy of postoperative coughing ability th an does
the anatomic site of surgery. Upper abdominal operations are in fact slightly more debilitating in this
regard than are intrathoracic procedures, so long
as actual lung tissue is not excised .
The highest incidence of postoperative pulmonary complications occurs in elderly patients, as
might be expected. Even though these data are 25
ye ars old, the situation has not changed markedly as
far as the upper-age groups are concerned. Postoperative pulmonary complications are also more
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li ke ly to occ ur in obese pati ents, in chro ni c c iga rette
smokers, a nd (alth ough not ag reed upon by all invest igators) see m to inc rease as the d urat io n of
anesth es ia a nd su rge ry increase. Need less to say,
the existence of signi fica nt preex istin g pulmonary
d isease raises the proba bili ty of postoperat ive problems.
Preo pera tive abnorm alities in vita l ca pac ity
and the F EV, a re related to the operati ve risk. Whe n
the preope rat ive vita l cap ac it y is less th an 80 % o f
th e predicted , or when the FEV , is less th an 60%
of the total vit al capac it y, or espec iall y when both
of these abnormaliti es coex ist, th e ri sk o f surgery
a nd anesthesia, parti cul arly surge ry of the uppe r
abdomen, in creases treme ndo usly.
Let us co nside r an exa mpl e whi ch is not unus ual and , in deed , is bei ng seen more a nd more frequentl y by those of us with a busy clini cal prac tice.
A 50-year-old , 2 10-poun d male, who has smoked a
pack and a half of ciga rettes a day fo r 25 yea rs
comes in fo r elec tive vagotomy and pyloropl asty.
After three hours o f nit ro us ox id e, oxyge n, haloth a ne, a nd cu ra re relaxat ion he a rrives in the recovery wa rd . His ti da l volum e is 350 ml , hi s vit al
capac ity is 600 ml. hi s Pa0 2 is 53, his PaCO , is
49, and hi s pH is 7.29.
Let us be sure th at we de linea te the p roblem
accurately: Th e qu esti on is not, " Will thi s patie nt
develop significa nt hypove ntil ati on and, fin ally, respiratory fa ilure?" The question is, "When?" H e is
already se ri ously hypove ntil ating, is hypoxemi c, a nd
is developing a res pi ratory aci demi a. H e is ove rwe ight a nd probab ly has signific a nt ch ro nic b ronchiti s. All too frequentl y, we see thi s pati ent who
becomes feb ril e within 24 hou rs of surge ry and
deve lops pneum o nia . Hi s hospit ali zati on is prolonged , his convalesce nce co mplic ated , and he has
inh erited an inc reased ri sk of mo rtal ity. H e has
joined th at eve r grow in g gro up of pati ent s who sha re
th e most comm on of all pos topera ti ve problemspulm o na ry complications.
Know in g th at a nesthes ia may impa ir ve ntilati on, know in g th at surge ry ad ds insult on top of
injury to the b reath ing mec hani sm, a nd kn ow ing
th at preex istin g lun g di sease adds two strik es before
surge ry is eve n co ntempl ated, o ne ca nn ot esca pe th e
c lea r indi ca ti o n fo r pro ph ylax is. In deed , the hallm ark o f pos to perati ve ve ntil ato ry ca re is preo perative pulm o na ry preparati o n. It is now c lea rly
demo nstrated th at a pp ro priate pre-, int ra- and postoperati ve ca re of pat ient s wi th chro ni c pulm o na ry
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d isease can result in mo rbidity and mortality rates
simil ar to those in patients with no pulm onary
disease, trea ted in th e usual fas hi on, th at is, largely
ignorin g the pulm o nary system unless complic ations
occur.
Preo pera ti ve pulm onary prepara tion requi res
th at so meo ne, usuall y the operating surgeon or the
initi al refe rrin g ph ys ic ian, be aware th at the patient
has so me respi rato ry di ffic ulty, e ither potenti al or
ex iste nt , an d th at thi s d iffic ulty poses a threat to hi s
postsurgica l su rviva l. With thi s in mind , the fo llowing preoperati ve program is suggested:
Which diseases or symptoms should concern us?
a) Ac ute respiratory in fec ti on obviously should
be elimin a ted pri o r to electi ve surge ry. In
the emerge ncy case we have to go ahead
with anesthes ia a nd surge ry, a nd thi s is accept abl e, but it inc reases the ri sk fo r the
pati ent. Otherwise elec ti ve surge ry sho uld be
postpo ned .
b) C hroni c bro nchiti s- a hi story of c iga rette
smok in g, cough with productio n o f sputum,
espec iall y purul ent sputum , is enough to
m ake th e d iag nos is of thi s di sease.
c) Emph yse ma -thi s d isease cann ot be cured
o r eve n reversed to a ny great ex tent , but it
is often assoc iated with co nsiderabl e b ro nc hial spasm a nd/ o r infec ti on, both of which
sho uld be eliminated or dec reased in seve rity
prio r to anes thes ia .
d) Asthm a-we are conce rned here with the
pati e nt who is ac tu all y wheezing with dyspnea. T hese p ati ent s should be re ndered
sy mpto m-free prio r to elec ti ve surge ry if at
all poss ibl e.
e) Bronchi ect as is -these patients always produce sputum . T hey mu st be able to cough
and hopefull y should not get superinfecti on.
f) Dys pn ea as a sy mptom should neve r be
igno red. Its o ri gin may be e ither respi ratory
o r ca rdi ovasc ul a r. Th e sys tem which is responsible fo r its ge nes is sho uld be determined and eva lu ated as to the actu al diseases
prese nt. Thi s is obvio usly eas ier sa id than
do ne, but in the prese nce of unco mpensated
hea rt fa ilure, vigorous diures is is a relati vely
beni gn yet fa irl y effec ti ve way to imp rove
thi s situatio n.
How do you diagnose these diseases? The
po in ts in phys ica l a nd clinica l diagnosis are not
needed in thi s di scuss io n as th ey are no doubt
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well appreciated by all of us. What is needed, I
think, is one simple reminder. We must consider
smouldering, lingering, or occult pulmonary disease
in each patient we contemplate sending to surgery.
We must suspect it and look for it, otherwise somebody will develop a serious pulmonary complication
or perhaps die in the postopera tive period-somebody who would otherwise return to some years of
further productive life. The presence of cough with
yellowish or greenish sputum regardless of how sca nt
in quantity, means pulmonary infection, bronchitis
probably, but perhaps bronchiectasis.
"All that wheezes is not asthma," is sound
albeit aged advice . On the other hand , wheezing
should suggest asthma since this disease cannot exist
without this sign.
Obstructive airways disease carries greater postoperative morbidity than does restrictive disease
due to the limited abi lity of effective coughing. A
quick, fairly reliable, and quite unsophisticated
qualitative appraisal of airway obstruction is the
match test. The one-second and 0.5-second FEV 1 , or
timed vital capacity. is obviously more accurate. A
point to remember is this: Severe emphysema and
bronchitis can exist in the presence of a normal
chest x-ray and with no increase in anterior-poste rior
diameter of the chest. Do not rely on these signs as
th e tip-off to the prese nce of pulmonary dise ase .
The relationship of pulmonary function tests
and arterial blood gases to postoperative prognosis.
Pulmonary function studies such as vital capacity,
timed vital capacity, and max imum mid-expiratory flow rate are se nsitive but not specific tests
(they may be abnormal in all who do poorly
postoperatively, but they also may be abnormal in
those who do well) . The PaC0 2 is quite specific but
not particularly sensitive as it invariably predicts
postoperative difficulty if elevated preoperatively.
But the patients with this abnormal test in the preoperative per iod are very few of all those who are
operated upon . Both the pulmonary function test plus
the blood gas analysis and the response of both of
these to preo perative respiratory preparation are
the best indication of the postoperative course and
the patient's tolerance of surgery and anesthesia.
How do we prepare the patient for surgery?
Once the diagnosis of plumonary disease is made
and some qu antification of this function is achieved,
our entire efforts are aimed toward one simple
goal-getting the patient in as good a sha pe as
possible before surgery. Regardl ess of the severity
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of his pulmonary disease we should be satisfied that
he can be improved no further before elective surgery and anesthesia is undertaken. This includes:
a) the eradication of acute infection
b) the control of chronic infection
c) the relief of bronchial spasm
d) a n improvement in the sputum clearance
and bronchial drainage
e) the reversal of uncompensated congestive
heart failure on the basis of corpulmonale,
if such is present.
f) all steps to improve mu scular power for
coughing and deep breathing (nutrition, electrolytes, and humidification of airway)
g) a familiarization with inhalation therapy
equipment li kely to be used in the postoperative period, ventilators, etc.
h) a familiarization with chest physiotherapy
techniques for effective coughing, sputum
production , and exercises.
Even if all this produces little detectable improvement in the patient, we have the advantage
of knowing that hi s disease is largely irreversible
and th at hi s tolerance for extensive surgery and prolo nged anesthesia will be minimal.
What is the best anesthetic technique or agent?
It has been repeat edly d e mon strated th a t the
drug used or the tec hnique employed in producing
anesthesia for such patients is of considerably less
importance than is the sk ill with which the particular
drug or tec hnique is applied. In other words, the
anesthetic is not what is important, it is the anesthesiologist.
What are the details of postoperative care?
This is a continuation of the preoperative regime,
that is :
a) awareness of the possibility of complications
and actively looking for them.
b) maintenance of adequate alveolar ventilation (as determined by arterial blood gases)
without excessive energy expenditure (measurement of tid al volume, vital capacity, minute ventilation, and frequency of ventilation).
c) maintenance of an unobstructed airway. An
endotracheal tube may be used in these circumstances if needed .
d) meticulous STERILE tracheobronchial suction as necessary.
e) effective humidification-both in the airway
and parenterally .
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f) frequ ent ch es t ph ysiotherapy to help in

coughing, dee p brea thin g, and secreti on remova l.
g) establishm ent of ass isted ve ntil ation if pulmonary fun ction tests and arteri al blood
gases deteriora te beyo nd a cert ain poi nt , or if
one has reason to think th at th ey will deteriorate beyond a cert ain po int, th at is, a
PaC0 2 above 50, a PaO, below 200 on
100% oxyge n, a tid al volum e less th an 3 ml
per kg, a vit al ca pacity less th an 10 ml
per kg, o r a respir atory fre qu ency of grea ter

th a n 35 per minutes in adults.
If th e possibility of preoperati ve pulm onary
di sease is suspec ted ; if it is diligentl y sought for ; if
a deg ree of fun cti o nal impa irment as well as patholog ic di agnos is is establi shed ; a nd if the pati ent
is rend ered as sy mptom-free as poss ible with respect
to infection, sputum c learance, ability to cough , and
freedo m from bro nc hi al sp asm , he will tolerate hi s
surgery and anesthes ia as well as mode rn medical
care can allow him to. And if postopera tive ventil atory care is necessa ry, it will be antic ipated and
utili zed a ppropriately.

Pulmonary Function Testing for Preoperative Study
of Patients for Anesthesia and Surgery*
ORHAN MU REN, M. D.
Associate Professor of Medicine,
Medical College of Virginia , Richmond, Virginia

Pulmonary complications a re the most prevalent
causes of morbidity a nd mortality in pati en ts who
undergo surgical procedures. Simple pulmonary
function tests which can detect pulmo nary dysfunction may be pe rfo rm ed preopera tively. If prope r
measures are taken ( chest ph ysiot herapy, postural drain age, bronchodilating agents , a ntibio tics,
humidification of inspired gases, cessation of c iga rette
smoking), morbidity a nd mortality can be reduced
significantly.
Pulmona ry function tests are especially important in patients with borderline pulmo na ry rese rve
who need major surgery. After object ive evalu ation ,
the a nesthesio logist and th e surgeo n ca n prov id e
better care for the pat ie nt. Th ese stud ies may also
suggest the p ati ents who are mo re lik ely to develop
postoperative complications.
In many pa tient s, a thorou gh med ic al hi sto ry
and physical exa min ation. in addition to a complete
blood count with differenti al, urin alysis, elec trol ytes.
BUN, and chest x-ray , ofte n will give sa ti sfac tory
information , and many patients will not need pulmon ary function testin g prior to anesth es ia a nd
surgery.
Should hi sto ry and ph ysical exa min ati o n show
th at pulmona ry function tes ts a re indica ted, th ey will
also indicate the type of tests to be carried out. A
history of chronic productive cough, dy spnea, pleuritic chest pain , occup ation al re spirato ry haza rd s,
frequent past episodes of pneumoni a, pleuri sy, chest
colds, and sudden reduction in strength should
strongly suggest poss ibl e pulmona ry d ysfuncti o n.
Findings on examination of th e chest such as
prolonged expiration, diffu se or loc ali zed wh eezing,
absent breath sounds, rales , chest-wall deformities
and scars, hypertrophy of scalene mu scles, and pul• Presented a t th e 25th Annual Stoneburner Lecture
Series, Februa ry 26 , 1972, at the Medica l Co ll ege of Virginia, Richmond.
MCV QUARTERLY 8(2) : 13 1-134, 1972

monary osteoarthropathy aga in should suggest possible abno rm alities in lung functi on, and proper pulmon ary function tests sho uld be performed.
There are a variety of pulmonary function tests
which may be used to detect dys function . In gene ral , they can be divid ed into two groups:
I. Those rel ating to the ventilatory function of
the lungs and thoracic wall.
2. Those rel ating to pulmonary gas exchange.

Ventilatory Function Tests. Ventilatory functio n is determined by measurement of static lung
volumes. These are somewhat indicative of th e elastic
resistance of th e lun gs a nd chest wall a nd dynamic
lung co mpartm ents; th ese tests are mainly a refl ection of non elasticity.
Static Lung Volumes. Static lung volumes are
assessed by meas urin g th e vital capacity which
changes according to height , age, and sex. Full cooperation of th e patient durin g th e procedure is
esse ntial. Int egrity of th e entire re spiratory system
( respiratory centers, th orax, th e connections between
these two, chest wall, pleura, lung paranchyma, and
airw ays) is necessa ry fo r norm al vital capacity.
If a person has less than predicted normal vital
capacity, by definition he has restrictive lun g di sease.
Normal values range ± 15 % of the predicted. As an
isolated te st, vital capacity is of limited clinical value
in differenti al diagnosis of diseases of the chest.
However, serial me asurements of vital capacity may
be helpfu l in assess ing the degree of improvement or
worsening in certain conditions such as neuromuscular disorders, or diffu se interstitial pulmonary
fibrosis .
Dynamic Lung Volumes. More important informat ion could be obtained by measuring timed
vital ca pac ity or forced vital capacity. A young
or middle-aged normal perso n should be able to exhale 80 % of his vital capacity in one second and
97 % in three seconds. If the ratio betwee n o ne131
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second fo rced expiratory volume ( F EY,.,) , ove r
fo rced vit al capac ity ( FYC) is less th an 80%, he is
considered to have obst ructive lung di sease. Diminution in FEY ,., to a liter or less ind ic ates seve re
impa irm ent of ve ntil ato ry function and a somewhat
poor surgical risk.
Expiratory fl ow rates ca n be determin ed at
di ffere nt points d urin g fo rced ex pi rato ry curve. Th e
fo rces tending to red uce the size of a irways (pe ribro nchi al pressure and the fo rce ge nerated by co nstriction of bronchi a l muscles) are bala nced by those
attem pt ing to increase the size of airways (int ralumin al p ressure and radi al tracti on of elastic fibers).
During fo rced ex halati on, the alveolar pressure a nd
the intrathorac ic p ress ure are greater th an atm ospheric press ure. The int ra mu ral pressure decreases
gradu all y from pe riphera l a irways to atm ospheric
pressure at the a irway opening. At some di stance in
the airway, intralumi na l and pleural pressures a re
equ al. This is ca ll ed th e poin t o f equ al press ures.
Beyond th is point, int ralumin al pressure is less th a n
pl eura l press ure; thi s wo uld tend to narrow airways,
thus limiting fl ow.
In pati ents with altered and mo re coll apsible
airways, fl ow is limited at lowe r leve ls of pl e ural
p ress ure. The max im al fl ow rate p rod uced by fo rced
ex halati o n depends upo n the leve l of lung infl ation.
At max imum lung infl ati on, ex pi ratory fl ow inc reases
as the pressure increases. At lower lung volumes,
ex pi ratory fl ow inc reases as pressure increases up to
a ce rtain level, afte r whic h more effort cannot increase and may eve n decrease fl ow rate. This ex pl ains
why the max imum mi d-ex pi ra tory fl ow rate ( MMFR
or F EF 25 %-75%) is th e most sensitive test for expi ra tory fl ow ra te determin atio n sin ce the initi al
25 % of th e FYC is prim aril y effo rt-dependent a nd
the last 25 % affected by diminished lung volumes .
The MMFR measures th e max imum rate of fl ow
in th e mid porti on of F VC cur ve ( F EF 25% - 75% ) .
(Th e length of tim e necessa ry to ex hale the middle
50 % of th e fo rced vit al ca pacity is meas ured and
fl ow rate is ca lcul ated.) Norma l values are 3-4.5 L
per second . It sho ul d be emph as ized th at small a irways ( 2 mm in di a meter ) are only res po nsib le fo r
approx im ately 15%-20% of the total a irway resistance, so ma rk ed increases in periph eral or small
airways will not be detected by the co nve nt ional tes ts
such as F E V ,,, or MMFR.
In the ea rl y stages of ch ronic bro nchiti s, pulmonary emphyse ma, and bronchiectas is there is a
significa nt degree of involvement of the small a ir-

ways. In the ea rly stages of these co nditi ons , frequ ency-depend ent dynamic compli ance and alveolar
arteri al oxygen tension gradi ent, A-a PO,, may
detect pulmo nary dysfun cti on. For clinical purposes,
howeve r, simpl e spirometric studies with measurements of FYC, FEY ,,,, and MMFR are sati sfactory.
Imp rovement s in fl ow rates after administration of
bronchod ilating age nts suggest the prese nce of parti all y reve rsibl e obstruction . One-seco nd fo rced expi ratory volume x 30 gives indirec t measurement
of max imum voluntary ventil ati on ( MYY ).
If a bedside stu dy of ve ntil atory functio n is desired , a Wright R espirometer may be used for measuring tid al volum e and inspiratory ca pacity. A Peak
Flow Meter may also be used for measuring peak
fl ow rates.
Failure to blow out a lighted match held six
inches away from the wide-ope n mouth again suggests signific ant reductio n in fl ow rates.
In ge neral, patients with obstructive lung di sease
a re mo re prone to devel op posto perative pulmonary
complic atio ns such as atelectas is and broncho-pneumoni a. This is why pulmona ry function testing is
import ant fo r determining th e type of ph ys iologic abnorm ality prese nt so th at proper measures can be
taken to imp rove potenti all y reversibl e abno rm aliti es.
Pulmonary Gas Exchange. One of the most import a nt functi ons of th e lungs is alveol a r gas exch a nge which involves the foll owing processes:

1.
2.
3.
4.

Ventil ation
Uniform distributio n of inspired ai r
Diffusion
Pulmo na ry capillary blood fl ow

No rm al alveola r gas exchange ma intains partial
p ress ures of oxyge n and ca rbo n diox ide in th e
a rteri al blood within no rm al limits not only at rest,
but also d uring increased ph ysic al activity and body
metabo lism. A bn orm ality in any of th e above processes or in any combin ations of th e fo ur, results in
hypoxe mi a o r hypoxe mi a a nd hype rcapni a if the
person is breathing room a ir.
Arter ial gas studies indicate :
I . T he leve l of ox yge nation (P0 2 in mm of
Hg )
2. The level of ventil ation (PCO, in mm of
Hg. )
3. The hydroge n ion activity (pH)

The above dete rmin ations a re extre mely impo rt ant
in all se ri ously ill pati ent s.
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It is often impossible to judge the levels of
ventilation and oxygenation by clinical evaluation
alone. There is much overlapping between signs and
symptoms related to hypoxemia and hypercapnia:
nervousness, headache, irritability, confusion, coma,
altered blood pressure, tachycardia, etc. Sometimes
signs and symptoms related to hypoxemia and hypercapnia are absent and only by measurements of
arterial gas studies can the level of ventilation and
oxygenation be determined and appropriate treatment initiated.
An A-a P0 2 gradient greater th an IO mm
Hg on room-air breathing indicates a defect in blood
gas equilibrium. The three primary mechanisms of
increased A-a P0 2 gradient are impaired diffusion ,
venous-to-arterial shunting of blood, and abnormal
ventilation / perfusion ratios in the lung.
The amount of true venous-to-arterial shunt is
determined by hav ing the person breathe I 00 %
oxygen for 15 to 20 minutes. Normally, arteri al
PO, will increase to about 600 mm Hg. The observation of increased A-a P0 2 gradient on breathing
room air and of a P0 2 greater th an 550 mm Hg
while breathing oxygen indicates th at mismatching
of the distribution of ventilation and perfusion in the
lungs is the cause of hypoxemia.
The observation of high A-a P02 gradient
on room air in the presence of norm al spirometric
studies may also suggest peripheral airway disease .
Whenever possible, arterial blood gas studies
should be obtained at rest, after exercise, and sometimes after the administration of I 00 % oxygen
for 15 to 20 minutes. The above studies may give
valuable information in the evaluation and follow-up
of patients with respiratory disease .
Normal arterial blood O, at sea level is found
in two forms:
I. Dissolved 0 2 (0.3 ml per 100 ml per 100
mm Hg)
2. Oxyhemoglobin (Hb O, 19.7 ml per 100
ml)
Normally, the total O, content of arterial blood
is approximately 20 ml per I 00 ml. The amount of dissolved 0 2 present is linearly related to arterial 0 2
tension . If partial pressure of 0 2 in arterial blood is
600 mm Hg, there is approximately 1.8 ml of physically dissolved 0 2 per 100 ml blood.
On the other hand, the relation between oxyhemoglobin and partial pressure of 02 is S-shaped.
If P0 2 is 100 mm Hg, oxygen saturation is 96 % to
98 %. If P0 2 is 60 mm Hg, oxygen sa turation is
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approximately 90 %. In the flat portion of this curve,
a large decre ase in 02 tension causes only a small
drop in oxygen saturation . However, at the steep
portion of this curve, a small reduction in 0 2 tension
causes a large diminution of 0 2 saturation.
For instance , a drop of O, tension from 40 mm
Hg to 27 mm Hg causes a reduction of saturation
or O, content of approximately 25 % . A high CO 2
tension and increased H ' ion ac tivity shifts this
curve to the right. This is called the Bohr effect. Increased temperature and increased 2-3 DPG (2-3
Diphosphoglycerate) of the red blood cells can also
shift this curve to the right. A low PCO,, a high
pH, a low temperature, and a low 2-3 DPG causes
a shift to the left. Normally, a shift to the left in the
lungs helps the loading of O, with hemoglobin. A
shift to the right at tissue levels helps unloading of
02 to ti ssues.
There are four causes of hypoxemia on breathing ambient air at sea level:
I. Uneven V/Q
2. Venous-to-arterial shunt
3. Alveolar hypoventilation
4. Impaired diffusion
In clinical medicine, uneven V / Q is the most
common cause of hypoxemia. However, in a given
case, there is more than one factor responsible for
hypoxemia.
Arterial PC0 2 indicates the balance between
CO, produced at the tissue level and CO2 eliminated
by alveolar ventilation .

..

PaCO,oo

vco,
VA

Normally, alveolar ventilation is proportional
to CO, production which is related to the rate of
metabolism. In any given person at any given time,
CO 2 production is at a certain level and only alveolar
venti lation could change arterial PCO,. In conclusion, we can say that the level of PC02 indicates
the level of ventilation.
Hydrogen ion activity is determined by measurement of pH. According to the Henderson-Hasselbalch equation:
pH

PK'+ 1
(HCO,)
og PCO, X 0.03

pH= 6 .1 + log

24

Ll
20

pH

6.1 + log

pH

6. 1 + 1.3 = 7.40

1
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Th e ratio of HCO:i a nd disso lved CO 2 determin e th e
pH. As long as thi s rati o is 20, the pH should be
norm al.
There are four prim ary o r s impl e ac id-base
disturb ances as we ll as combined or mi xed acid -b,1s~
di sturbances. Primary increase or decrease in PC02
indicates respiratory ac id osis or alk alos is respectively. Primary increase or decrease in H CO:i indic ates metabolic alk alosis or ac idosis res pec ti ve ly.
The fo llow ing a re so me indica ti ons for pu lm onary functi on testing:
I . To determin e the type of physiologic alt eration present.
2. To qu antit ate the degree of functi onal impairment.
3. To initi ate therapy on a more rati ona l
phys iol og ic al basis a nd objecti vely fo ll ow th e
efficacy of therapy.
4. Preopera tive ri sks eva lu ati on. R e : a nesth es ia
a nd surge ry.
The fo llowing arte ri al gas studies we re obtai ned
on room ai r in a 60-year-old man with chronic obstructive pu lm onary di sease (COP D ):
P0, :60 mm Hg
PC0, :55 m m Hg
p H: 7.34

no rmaliti es, elec ti ve ga ll bladder surgery was postponed for se ven days and th e patient was given chest
ph ys iot herapy , postural drainage, bronch od il ating
age nt s. ant ibio tics. and humidified inspired air. He
stopped smok in g. Postopera ti ve statu s was entirely
unremarkable.
In conc lu sion , if hi story and physical examination indicate pulmon ary dysfunc ti on, simpl e pulmonary funct ion tests shou ld be obtai ned and proper
measures taken to reduce morbidity and mortality in
surge ry pat ie nt s, espec ially th ose with und erl ying
chroni c lung d ise ase.
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Body Temperature During Surgery and Anesthesia*
AMIR RAFII, M.D.
Professor of Anesthesiology ,
Medical College of Virginia , Richm ond, Virginia

The recognitio n of fulmin ant hyperthermia and
accident al hypothermi a during anesth es ia and surgery has give n a new impetus to clinical th erm omet ry
in the operating room. It is sugges ted th at in o rder to
recognize and avoid these co nditio ns in the anesthetized patient, a routine of continuo us mo nitoring
of body tempera ture be added to ou r arm amentarium fo r patie nt ca re.
One of th e pro blems that has to be solved is
the stand ardizati on and selecti on of a ph ysiologicall y
meaningful site fo r th e mo nitoring of body temperature. In o rder to select such a proper site. a brief
discussion of functi onal anato my and ph ysiology of
body temperatu re is here presented . togeth er with a
discussion of th e adva ntages and disadva nt ages of the
traditional sites, placing emph asis o n a new sitenamely th e tympanic membrane .
The relative constancy of bod y temperature was
recognized by O aude Bern ard as a part of th e regulation of the " milieu interie ur" required fo r th e
health and proper functi oning of the cellular
elements of warm-bl ooded anim als. The health y
man does not ex ist with intern al body temperat ure
much outside th e no rm al ra nge of 36 °-38 °C , although
during hard work and in fe brile di seases he may
tolerate fo r sho rt periods of tim e temperat ure as high
as 40 °-41 °C. Denatu ratio n of vita l cellular proteins
occur above 44 °C. M an may tolerate hypotherm ic
states fo r short peri ods of tim e during whi ch his body
temperature is as low as 27 °-29 °C, but th ese temperatures are incompatible with life exce pt under
the most careful medical supervisio n and even th en
not for periods longer th an a few days.
The center for regul ation of body temperature
is in the hypothalamu s ( fi g. I ) . In this area two
• P resented a t the 25t h A nn ua l Sto nebu rner Lecture
Series, Februa ry 26. 1972, at the Medica l Col lege of Vi rgini a, Richmond .
M CV QUARTERL Y 8(2) : 135-141, 1972

regions, anterio r and posterior hypoth alamus, have
been recogni zed. T he anterior region, also kn own as
the " hea t disposal" region in the eve nt of total body
heat ga in , is in volved in the initiation of th ermoregul atory refl exes. These refl exes will activate the cardiovascular and respiratory system, cutaneous blood
vessels, and sweat gland s th rough th e autono mi c
nervo us system to help balance body heat through
heat loss.
Cold stimul ates th e ce nt ra l nervou s system in th e
posterior hypoth alamus and the endoc rine system
th rough th e pituita ry gland . Its prim ary action on
the periph ery is to stimul ate sensation s of cold and
possibly oth er cutaneous nerve endings which send
th ermoregul atory signals to th e " temperature maintenance regio n." The posterio r regio n of the hypoth alamus, on receiving "cold sign als" through th e
"shiverin g ce nter," will activate th e shi vering refl ex
which is one of th e most powerful ph ysiological
actions of the body in th e production of heat.
Horm onal action of cold takes place through
the hypothalamu s. By lowering the temperature of
blood going to the bra in, cold stimul ates th e hypoth alamu s. which in turn affects th e pituitary and the
release of thyroid stimul atin g ho rm one (TSH )
and ad renocorticotropic horm one ( ACTH ). These
two hormones promptly act on their target organs to
release th yrotropic and ad renal hormon es which
serve to increase hea t produ ction in the body ti ssue
( fi g. I and fi g. 2) . These hormones also serve to
potenti ate th e direct effect of cold in producing
ex tra body heat by shi vering. There are interactio ns
of th e vari ous endocrine gland s on each other, and
thu s it is not easy to obtain a clea r evalu atio n of
the part played by a single glandul ar compo nent
( fi g. 2 ).
Mo noa mines in the hypoth alamus act as mediators of tempera ture respo nse. Local infusion of
5-hydroxytryptamin e have been shown to raise tern135
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TEMPERATURE REGULATION
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Fig. I- Functio nal a na to m y o f ph ysio log ic te mperature
reg ul atio n.

pera ture in cats. It is suggested th at th e release of
mo noamin es and th eir relati ve loca l co ncentrati o ns
act o n the tempera ture ce ll s of th e ante ri o r hypoth alamu s. No repinephrin e a nd epin eph rin e a re concerned with regul ating heat loss, and 5-h ydroxytrypt amine is in vo lved with hea t producti o n .
In fever, in respo nse to leukocyte pyroge ns.
th e pyroge ns act direc tl y o n the ce ll s of th e ant eri o r
hypoth alamu s. Th e magnitude of skin te mperature
appears of littl e import ance in the regul atio n of body
temp eratu re. Logica ll y, it makes th e most se nse to
have the se nso r for wa rmth in sid e th e core o f th e
bod y where the hea t-ge neratin g meta bolic act1 v1ty
o rigin ates, and the sensor fo r cold o n th e o ut sid e
where th e cold environm ent is located .
"Human Thermostat." T heodo r H . Benzinge r
has p ro posed th e co nce pt of a " hum an th erm ostat"
o r a " temperature eye" bein g loca ted in th e hypoth alamu s. Th e tempe rature eye will se nse th e bod y

temperature, as th e retina of th e eye is ca pable of
se nsin g li ght. Th e se t poi nt , 37 ° C, of th e hum an
th erm osta t is loca ted in th e hypoth alamu s area .
Th e shifting of th e se t point fro m 37 °C will ca use
th e ac ti va ti o n of th erm oregul ato ry re fl exes and, in
effec t, c rea te th e co nstancy o f body temperature.
Anesth eti c age nts, by dep ress io n of the hypoth alamu s, ca n ca use lowe ring of th e se t point. Th e sa me
effec t has bee n attribut ed to asp irin , whil e it h as bee n
pos tul ated th at pyroge ne will ra ise th e set point of
th e hum a n th erm os tat. Co nsid ering the fun ctio nal
a nato my and cent ral regul a ti o n of body temperat ure,
it beco mes appa rent th at th e logic al sit e to monitor
th e ce nt ra l tempe rat ure is located in th e c ranium .
Rectal Temperature. T he most wid ely used rectal
tempe rat ure has bee n highl y c ritic ized fo r not bei ng
a tru e re prese nt ati ve of core te mpe ratu re. In mo nito rin g of rec tal te mperature. o ne has to rea li ze th at
thi s area does not have any th erm al signifi ca nce of
it s ow n . Th ere a re no th erm oreccpti ve ele ments in
th e rect um . I t is fa r away fro m th e ce nt ra l nervous
system and doc s not have direc t relati onshi p wit h
th e crossroad o f circul ati o n. th at is. hea rt and grea t
ve sse ls. Sir George Pic kerin g has o bse rve d '· no clea r
relati onshi p betwee n cha nges in rec tal temperature
and ch anges in vaso motor to ne."
Th e re li a nce o n recta l te m pe rature fo r the last
hundred yea rs h as bee n responsibl e fo r th e fa ilure of
cl ini cians to recogni ze a nd use the co ncept o f ce ntr al
th erm orece pti on in clinica l therm o metry. Our measure ments at th e Med ica l Coll ege of V irgini a a nd th e
meas ureme nt s of oth ers in th e a nestheti zed pati ent have show n th at recta l te mp era ture dev iates
wide ly fr o m tympa ni c (ce nt ra l) meas urement s. Be-

Fig. 2-F low d iag ra m o f ho rmo nal res ponse to cold. ( Repri nted with perm issio n fro m Masson e t C ie [eds. ] L es
Concepts de Claude Bern(/ rd Sur L<' Milieu l nu;rieur. Paris:
Libra ires de L·Acade m ie de Mecl eci ne. 1967. and f rom T. H.
Be nzin ger.)
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cause of th ese ana to mi ca l a nd phys io logica l as pects
of the rectum , such dev ia ti o ns ma ke it nonreprese nt ative of core body tem pera ture.
Esophageal Temperature. As will be d isc ussed
furth er, eso ph agea l te mpe rature in th e anestheti zed
pati ent who d oes not experi ence sudd e n hea t loss o r
heat ga in so mewh a t represe nt s core te mpe rature in
reference to ce ntral te mp erature . H owever, o ne has
to rea li ze, as J. D . Whitby a nd L. S. Dun k in ha ve
shown , th at the esoph agea l temperature reco rd ed
in th e anes theti zed a nd intub ated pati ent d epends
on th e site of th e esoph agus at whi ch it is taken.
The longitudin al va ri atio n is greate r th a n th e lateral
and ca n be by as much as 6 °C. The lowes t temp eratures are fo und in th e upper a nd middl e third of
the esoph ag us. Both lo ngitudina l and lateral va ri ations level out in th e lowe r third . Th e lower fo urth
of the esoph agus is both th e warmest a nd th e most
stable. T o reach this a rea, th erm ocoupl e lea ds should
be inse rted 45 cm from th e nostril. This area is situated in th e lowe r medi astinum below th e pulm onary
vein and between th e hea rt and th e desce nding part
of the ao rta. C arl sten and Crimley have show n th at
the esoph agea l tempera ture close ly fo ll ows th e temperature of intraca rd iac blood.
Tympanic Temperature. Th e tymp a ni c membrane tempera ture, beca use o f its p rox imi ty and
similar blood suppl y, is ve ry close to th e ce ntral
tempera ture. By plac ing a th ermoco upl e in juxtapos ition to th e tymp anic membrane, T . H . Be nzin ge r
has shown th at its te mperature acc urately refl ec ts th e
temperature of bl ood co ursing th rough th e b ra in
(fig. 3) . With th e use of gradiant ca lo rim etry. he has
demonstrated th at th e cha nges in tympa nic temperature a re co nco rd ant with o ne of the th erm o regul atory
refl exes, namely th e swea t rate , wh ereas skin te mperature changes do no t refl ect swea t rate and are
paradox ic al and di sco rd ant.
Figure 4 a, fro m Be nzinge r's stud y shows tha t
when some subj ects swall owed ice. cra ni al te mpe rature decreased. At th e sa me tim e, th e swea t rate
showed a parall el heat loss which was repeatedl y
constant.
Figure 4b shows th e sa me subj ects. Whe n th ey
swallowed ice, th eir skin te mperature increased whil e
at th e sa me tim e th eir swea t rate, o r hea t loss, d ecreased ( di scord ant relati o nship) .
Clinical Thermometry in the Operating Room.
In a group o f abo ut 30 pati e nts ( mostl y adult )
und ergo ing general a nesthe sia a nd surge ry, co ntinuou s bod y tempera ture me asurement was made
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from a th erm oco upl e pl aced aga inst th e tympa nic
membr ane. Thi s source was co mp ared with continu o us a nd simul ta neo us measurements from th e
esoph agus a nd rectum . Th e period of compa ri son
ranged from 1.5 ho urs to 12 hours, dependin g on th e
length of the o pe rati o n. a nd th e tim e the pat ie nt
spent in th e recove ry roo m. For th e rectum and th e
esoph agus, a soft pl asti c p robe wi tho ut co tton cover
was used. Fo r th e tymp ani c membra ne, a probe with
a special " Q-tip" was used .
Each th ermocoupl e was conn ected to a monitorin g recorder, and th ree temperatures bein g monito red
we re tra nscribed directl y to a Lee ds and N orthrup
Comp any, Spee doma x continu o us writer.'

F ig. 3-T ympa nic thermome te r consisting o f disposab le
thermoco uple int roduced into ex te rn a l a udito r y cond uit.
( Re printed w ith pe rmi ssio n fro m Bild De r Wi sse11scl, a/1.
Vo lume Three, Jul y. 1964 . a nd fr o m T . H. Be nzin ge r.)

• We wo ul d lik e to th a nk Leeds a nd Nor th rup Co mpa ny fo r prov iding the mo nito rin g eq uipme nt . a nd also
ack now led ge th e suppo rt o f Dr. Jo hn L. Patterson. Jr ..
D irecto r. Ca rd iopu lmonary La bs a nd Resea rc h. a nd Dr . C.
Pa ul Boya n. C ha irm an. D epa rtm ent o f Anest hesio logy.

RAFII : BODY TEMPERATURE DURING SURGERY AND ANESTHESIA

138

This has prompted some cl inici ans to advocate this
techniqu e in patients with fulmin a nt hyperth ermia
to lowe r th e body temperature . Figure 5 also shows
the devi ati ons of recta l temperature from tympanic
and eso ph ageal under the co nditi ons of extracor-

Figure 5 shows simultaneous monitoring of rectal, esop hagea l, and tymp anic te mperature in a pat ient
during ope n heart surge ry. Immed iately aft er th e bypass there is a profound fa ll in body tempera ture.
(From a tympanic temp erature of 37 °C to 32 °C).
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difficulty in recove ry o f the hea rt during ope n hea rt
surge ry.

BODY TEMPERAT URE DU RI NG E C C
48WF • t l J8 lbJ.
M / TRAL OAII SSUR O TOM Y

40

OPCRATI NG ROOM 2$ j •(

38

t

36

~
~

34

i"5

32

~

30

"'Ii

' '

&,.Pon

Wo""illQ

OttF\lmp

Clotur,
-

28

£A R ORUM

- - - IIC"CTA L
-

ESOPHAGEAL

26
20

40

60

80

I()()

120

140

160

139

180

TIME ( Minutes )

0
TIME (Hours)

Fig. 5-Simult aneou s monitoring of recta l, esophagea l. a nd
tym panic temperatures o n a patient undergo in g ope n hea rt
surgery.

poreal circula ti o n. It represe nts th e fact th a t myo cardial temperature , which is mo re in lin e w ith
tympanic and esoph agea l temperature , ca n be much
lower than rectal temperature at th e termin ati on o f
the by-pass . It also demo nstrates that so le reli a nce
on rec ta l tem pe rature will result in not recognizin g
th e cold myoca rdium , and thi s m ay cont ribute to th e

Figure 6 shows a noth er exa mpl e of a pati ent
und ergo in g o pen hea rt surge ry with multipl e "cras h
coo ling" a nd " rewa rm in g" peri ods during ex tracorpo rea l circulatio n. A simila r dev iati o n between rec tal
and esoph ageal. a nd tympa nic temperature is noticed.
Figure 7 shows th e rew arming period and acciden tal ove rh ea tin g of a pa ti e nt under ex tracorp orea l
c irc ul a tion w ith multipl e "cras h coolin g" period s. It
can be see n th at in case of accident al overh eat in g,
the devi ati ons between diffe rent sit es of temperature
d isc ussed in fi gure 5 can exist.
Hypothermia During Anesthesia and Surgery.
Durin g clinical th ermo metry we noticed, as others
have, th at unde r mode rn operating room conditions
( humidit y of about 50 % a nd te mperature between
68 ° F and 75 ° F) th e majo rit y of patients und ergo in g
diffe rent types of surge ry had so me degrees of fall in
body temp erature . Dependin g o n th e type and length
of th e operation , so me pati e nt s co uld develop profo und hypot hermi a.
M an being a ho mo thermic anim al has th e
a bility to ma int ain hi s norm al body temperature rega rdl ess of environm ent a l temp erature . An anesth eti zed ma n loses thi s abilit y. He becomes somewhat
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poikiothermic and follow s th e environment al temperature which , in such circumstance, is th at of th e
operating room.
By depress in g th e ce ntr al nervo us sys tem, anesthetic agents dep ress th e cen ter of temperature regulati on thu s decreas ing body temperature and contributing to th e fa ll of temperature in the anesth eti zed
pati ent. Sir George Picke ring has e mph as ize d thi s
fac t, by say ing, " The best way to coo l a patient is to
anesth et ize a pati ent. "
An esth etic age nts cause cellul ar depress io n and
decreases in metabolism and he at production . The
effec t of th ese age nts on the "shivering center" and
on the periphery in concert with mu scl e relaxants
will block the act of shi verin g, and as long as th e
pat ient is anesth etized a nd para lyzed. no compensatory mechanism for heat gai n ex ists. Th e fact th at
peripheral circul at ion has lost the capa bility of constricti on will contribute further to the magnitud e of
heat loss in th e anest hetized patient.
Premed ication with any of th e usual drugs has
the effect of relax in g mu scle tone, thu s makin g the
pati ent more susceptibl e to a fa ll in body temperature when ta ken into a cold operat ing room. On recovery fr om anesth es ia, th ermos tatic refl exes app ear,
and if th e body temperature is lowe red , shi ve ring a nd
cutaneous vasoco nst rict io n occur with a concomit ant
rise in oxygen consumpti o n. The grea te r th e fa ll in
temperature, th e grea ter th e oxyge n co nsumption
durin g th e recove ry period.
In compari son with oth er a nesthetic agents used ,
haloth ane can ca use more hea t loss during anes-

th es ia, more shi vering at th e termin ation of anesthesi a, and more rise in oxyge n consumption .
The importance of increased postoperati ve oxygen consumption may be considerable, particul arly in
patients with preex istin g res pir atory or circulatory
di sease.
In th e event that a postoperati ve airway obstructio n ex ists , the pati ent will not be able to tolerate
anox ia if, beca use of incre ased oxygen consumption
du e to shivering, th e ventil ati on demand is in creased.
In patients with abdominal incisions and thoracoto my, increase in ve ntil atory demand may present
postoperative difficulti es.
Increase in oxyge n requirement will also incre ase
demands o n circulation. Pati ents with cardiovasc ular
p roble ms and unreplaced blood loss will be further
handic apped in dea ling with thi s. During recovery
from h ypoth ermi a, the rew arming acidosis can contribut e gre atly to morbidit y of heat loss during
a nesth es ia.
R obert M. Morri s' study on th e rel ati onship betwee n operat ing room temperature and th e temperature of the anesth etized pati ent shows th at a significant linea r correl ation ex ists betwee n the patient's
esoph ageal temperatures and their operating room
tempera tures. H e class ifi ed the o perating rooms accordin g to th e ir effect on patients' temperature : (I)
roo ms below 21 °C in which all patients became
hypoth ermic ; (2) 21 ° to 24 °C (70 ° to 75 °F) rooms
in which 70 % of the patients rem a ined norm othermic and 30 % beca me hypoth ermic ; and (3) 24 ° to
26 °C (75 ° to 79 °F) rooms in which all patients
remained normothermic. H e concluded that , 2 1 °C
can be class ifi ed as th e " critical ambient temp erature" for lightly anesthetized paralyzed adults.
Boya n and his assoc iates have shown that if,
in addition , large amounts of cold blood are transfu sed , the fa ll in temperature ca n be gre ater. A contributing fac tor to this is th e cold solution used for
prepping. Dee p anesth esia (with o r witho~t muscle
rela xants) can also cause gre at heat loss. Since basal
heat production decreases with age , the resultant heat
deficit is greater in th e elderly .
In ad diti on to hea t loss, second ary to vasodilati on a nd decre ased hea t production, the opening of
the abdo minal cavity is an important factor with
th e anesthetize d pati ent. Inside th e peritoneal cavity
is a large surface from which much heat can evaporate, and irrigation of the perit oneal cavity with
cold soluti ons leads to increased heat loss. At a comfortable operating room te mperature (20° to 22 °C) ,
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Fig. 8-Body tempe rature during anest hesia and operat ion. (Intra-a bdomina l)

most pa ti ents ex perie nce a fall in body tempera ture.
Figure 8 e mph asizes the effects of age ( 85 years
old), the type of operation (intra-abdominal). th e
length of proced ure ( 5 1/ 2 hours), and cold ambi ent
temperature ( operating room temperature 21 . 1°C)
on the extent of the fall in body temperature. At
times during the procedure, by mea ns of a warm
blanket, a n effort was made to warm the pati ent.
In spite of thi s effort , th e drifting of hypothe rmia
took place, and the patient rega ined a nor mal body
temperature only after he was taken to the recovery
room (temperature 26.6 °C).
This is in concert with the obse rvation of
Robert M. Morris and hi s associates that a warm
blanket under the paralyzed and anesthetized ad ult
is no substitute for a warm operating room. One can
see from thi s ex perim ent th at in the event of slow
and progressive heat loss, there are minimal d ev iations in the monitoring of the different sites of body
temperature. But under clinical circumstances when
one can expect sudden he at gain and he at loss, we
believe th at it seems more important to use tymp anic
or esophageal monitoring of te mpera ture.

a crit ica l fac tor in m assive transfu sio n. A nesth es. 22: 559563. 196 1.
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Nitrous Oxide-Curare Anesthesia: Reappraisal*
RICHARD L. KEENAN, M. D.
Chairman, Department of Anesthesiology,
Th e Roosevelt Hospital , New Yo rk , New York

Of the many inhal ati on drugs ava ilable today,
nitrous ox id e is the only o ne which is both nonex plos ive a nd no n-t ox ic. Although the compound is
rarely listed as a primary agent , it is used on alm ost
eve ry pati ent. The usefulne ss of nitrou s oxide tends
to be dismi ssed beca use it is considered to be relati vely weak. Howeve r, with the continuing tre nd
towa rd li ghter anesthes ia see n during the past qu arter ce ntury, this viewpoint is no lo nge r reasonable.
The fac t th at MA C for haloth ane can be red uced
to one third by the additi on of 70 % nitrou s oxide
attests to the dru g's potenc y.
The ex peri ence of ma ny prac ticing anesthetists
thro ugho ut the United States in d icates that anesthetic
ad ministrati on currentl y is more striking in its similar ities th an in its difference s. It may even be said
that a universal mode rn a nesthetic sequence has
evo lved ( fig. I ) . First, alm ost eve ryone uses thio-

MOD ERN ANESTH ETI C SEQUENCE
I.

T HIOPENTAL I NDUCTION

2.
J.

MUSCLE RELAXANT

4.

(ADJUNCT I VE AGENT)

N ITR OUS OXIDE

Fig. I- Mode rn anes theti c seq ue nce.

pental or some other barbiturate for induction , as a
soc ial necess ity. Second , nit rous ox ide in a co ncentration of 50 % to 70 % is in variably empl oyed during the mai ntenance phase of a nesthes ia. Third, a
mu scle rel axa nt is use·d in most majo r cases, both to
facilitate intubation a nd to produce surgical rel axation. Deep a nes thes ia is almost neve r relied upo n.
Finally, some oth er drug, pe rhaps halothane, ethe r,

* Prese nted at th e 25th Annu a l Stone burner Lecture
Series, February 26 , 1972 , a t the Med ica l Co llege o f Virgini a, Richmond.
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or Inn ovar may be adopted-in conjunction with
nitrou s oxide-for the maintenance of anesthesia.
According to tradition this is called the primary
agent. But with the aforementioned trend toward
very light anesthesia, more often than not, this agent
is adjunctive in nature. In fact, in some instances,
an adjunctive drug is not used at all .
In the I 950's the British developed a technique
in which ve ry large doses of curare were used in
combination with nothing more than nitrous oxide
to produce the condition of anesthesia. No other
adjunctive drug was used for maintenance. In this
way , explosive agents were avoided. The process
became known as the " Liverpool Technique" (Geddes and Gray, 1959). Part and parcel of the Liverpool Technique was the intentional production of
respiratory alkalosis by hyperventilation. It was felt
that alkalosis increased the depth of anesthesia. In
recent years, however, the depressant effects of this
condition have been questioned and, indeed, alkalos is itself has been shown to be not without its
haza rd s.
During the past four years, we at Roosevelt
H ospital have been increasingly interested in avoiding not only explosives but also potentially toxic
agents. We have adopted essentially the Liverpool
Technique (that is, nitrou s oxide without supplement ation, and curare) and modified it in two major
aspects: we have employed normal ventilation, and
we have modified the curare dosage. To date this
techniqu e has been applied to approximately 3,200
patients.
Technique. Figure 2 is a step-by-step descripti o n of the technique as we have employed it. Premedication has been variable, but we prefer a
narcotic in the usu al clinical doses. Thiopental is
used for the induction of anesthesia in a dosage
sufficient to abolish the lid reflex. One hundred percent oxygen is administered by mask for about two
minutes, either prior to or immediately after the
thiopent al, and then after intravenous succinylM CV QUARTERLY 8( 2): 14 2, 147 , 197 2
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}. PREMED ICATION : NARCOT IC PREFERRED

2. THIOPENTAL, 4-8 mg / kg
3. o, 100' ' 0 2 MIN.
4. SUCC INYLCHOLINE I mg / kg

5.
6.
7.
8.
9.

INTUBATION
N,O

3.5 L.

O,

1.5 L.
= 90 ml / kg

VENTILATOR, MV

CURARE: BY DOSAGE SCHEDULE
ATROP INE

I0.

2.5 mg
1.0 mg

REVERSAL: NEOST IGMINE
DEC ,SION TO EXTUBA TE

Fig. 2-Rooseve lt Hospital's adapta tion of the Live rpoo l
Tech nique.

choline, endotracheal intubation is carried out. Immediately after intubati on, nit rous ox ide 3.5 liters
and oxyge n 1.5 lit ers are all owed to fl ow into th e partial rebreathing ci rcl e system. This fl ow is then mai ntained througho ut the remainder of the o perati on .
A mec hanic al ve ntil ato r is e mpl oyed in all instances
promptly after intubatio n. Th e ve ntil ator is set to
deliver a calculated minute volume of 90 ml per kg. A
relativel y slow respiratory rate , app rox im ately 8 to
10 per minute, with a relatively large tidal vol ume
is preferred. The minute volume is routinely checked
with a Wright vent il ometer. With signs of returning
muscle power following succ in ylcholin e, cura re is admini stered by a dosage schedul e described in figure 5.
Full curarization is mai ntained th ro ugho ut the procedure. At the termin ation of the surgical procedure,
reversal of curare is accom plished with the use
of neostigm ine 2.5 mg and a tropine l mg give n
simultaneously intrave no usly a nd repeated o nce if
necessary. Finally, a decision to ex tubate is made
by clinical means. If the patient is capable of coughing vigorously on the endot rac heal tube and of usi ng
his upper inte rcostal muscles to tak e a deep breath,
and ca n lift hi s head off the table, the end ot rac heal
tube is removed. If not, the patient is taken to the
recove ry room where mech anic al ventil at ion is continued until full motor powe r return s spo ntaneously.
It should be noted th at the above desc riptio n of
the nitrous ox ide-cura re tech nique co ntai ns nothing
really extraordinary. Mechanical ventil ati o n perh aps
is not commonly e mployed , but it is ge nerally accepted in mode rn a nesthesia. Everything else on the
list is very much a part of standa rd practice every
day everywhere th roughout the United States. Indeed , thi s sequence is really an exa mple of the basic
structure on which a n a nesthetic in thi s day a nd
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age is ofte n built. Wh at is surpri si ng about the list,
therefore, is not what is on it but what is mi ssing
from it. Note that there is no ad junctive drug listed.
Or to use the more traditi onal terminology, there is
no prim a ry age nt. Once the nit rous oxide is begun
and the cura re is give n, no ot her age nt is administered , ei ther int rave nously o r by inh alation. Nitrous
oxide is reli ed upon totally to produce unconsc iousness, a nd curare is reli ed upon totally to keep the
pati e nt o n the tabl e.
Memory. The most significa nt questi on about
thi s tec hnique is whether 70 % nitrous ox ide by itself
is enough to produce unc onsc iousness reli abl y in all
patients. The only way to a nswe r thi s is with the
ev id ence of extensive ex peri ence . As mentioned
ea rli e r, we have used this tec hnique fairly widely
in all age groups on approxim ately 3,200 adult
patients and in all types of surgery with the excepti o n of intrathoracic procedures. Approximately two
thirds of the cases were intra-abdominal. The techniqu e has bee n used in o perations ranging fro m one
ho ur in lengt h to well in excess of 6 hours, with an
average of th ree ho urs, a nd it has been adopted for
pati e nts representing all grades of ASA physical
status from I to 5, altho ugh the majori ty were either
2 o r 3. As of thi s date , we know of no pat ient of the
3,200 who we re ac tu all y receiving 70 % nitrou s
ox ide, who had any pai n o r any other conscious
me mory of th e surgical procedure.
We did have five pat ient s who remembered
certain things due to a brea k in technique. Four
of the five remembe red eith er intubati on or ex tubation. As a res ult , we have begun to use liberal
a mo unts of indu ction thi opent al a nd to co ntinu e
nit rous ox id e up to the mome nt of curare reve rsal.
In o ne patient, a bri ef period of memory did occur
during th e operati on. This patient remembered
seve re pai n a nd a conversation which we knew d id
occ ur. On furth e r investi gati on, howeve r, we found
that just before the peri od of mem ory th e anestheti st had di sconnec ted th e endotracheal tube for
sucti o ning for approxim ate ly 20 seconds. During
this time the ve ntil ato r continued to operate . It
empti ed itself of nitrou s ox id e and drew air into
the system through the open connector. For the ne xt
several minutes the patient rece ived air instead of
nitrous oxide.
We conclude that nitrou s ox ide in a co ncentrati on of 70 %, does preve nt memory totall y a nd in all
patie nt s. However, the sli ghtest brea k in technique
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can result in memory and must be gua rded against
continuously.
Ventilation. A mechanical ventil ator has been
utili zed in all cases in our experience. In additi on,
a W right ventil ometer is routinely used to verify the
prese nce of proper minute volum e. We have selected
a fi gure of 90 ml per kg body we ight fo r est im ati on of
the minute volume on the bas is of pri or ex peri e nce,
both in the operatin g roo m a nd in o ur respirato ry
intensive ca re unit where a rt eri al blood gas analysis
revea led a PaC0 2 of between 35 and 45 mm H g in
most pati ent s. This fact has also been docum ented
in a stu dy in de pende nt fro m ours (Ocbo a nd T e rry,

30

20

20

NUMBER
OF
15
PATIENTS

10

1969) .
O ur real co nce rn , howeve r, was wheth er, with
normocapnea, adequ ate a rterial P0 2 levels coul d be
reli ably p rodu ced . We fo und in our ea rl y stud ies on
healthy pati ent s undergo in g abdomin al surgery , that
PO/s in excess of I 00 mm H g we re produced routinely. H owever, in an attempt to look at th e worst
poss ibl e c ircum sta nce, we also studied 16 p ati ent s
un de rgo in g abdo min al ao rti c graft proce dures with
70 % N20-cura re a nesth es ia. Seri al blood gas determinati ons durin g surge ry yielded the results li sted
in fi gure 3. In no case was th e P0 2 eve r be low 60

Abdomina l Ao rt ic Grafts
Mean Age 68 - 7 (S.D.)
ASA Sta tus 2 - 4
Lowest PaO,

N umbe r

U nder 60
60 - 69
70 - 79
80 - 89
90 - 99
100 +

0

Total

16

4

6
3

2

.26-.30 .31 - .35

.36 - .40 '.41- ... 5 .4 6-.50 .51-.55 .56 - .60

INI TIAL CU RARE , mc;i /k 9

F ig. 4-Graph showing study o f cu ra re dosage necessary
to prod uce para lys is.

latory p attern yield s consistentl y higher P0 2 values
than a rapid , shall ow pattern .
We conclud e th at with norm ocapn ea, adequ ate
oxyge nati o n ca n be p roduced , so long as the ventil atory p attern is p roper, and so long as p atients with
seve re int ra pulm o nary shunt ing, such as occurs in
intra th o rac ic surgery, are avoid ed .
Curare Dosage. Traditi onall y, a clinicall y effecti ve single dose of cura re is sa id to be in the range
o f 0.5 to 0.6 mgm pe r kg body we ight. In a se ri es of
I 00 cases of patie nt s undergo ing elective surgery
with thi ope nt al-N20-0 , a nesthes ia , we fo und th at a
dose of 0.3 mg per kg p roduced a clinically adequ ate
degree of paralys is in about half the patients, as seen
in fi gure 4 .
F rom thi s expe ri ence we deve loped the curare
dosage sc hedul e o utlin ed in fi gure 5 . A dose of curare
is calc ul ated on th e bas is of 0.3 mg per kg an d is admini stered to eac h p ati ent. If thi s is not suffic ient to

F ig. 3- Se rial blood ga s de term inat ions during surge ry with
N :O·c urare a nesthesia.
CU R AR E DOSAGE SC H ED U L E

mm H g, and in 12 of th e 16, th e lowest P0 2 reco rded
was above 70 mm Hg. Whil e thi s does not indic ate
lu sh oxyge nati on , these P0 2 va lu es p roba bl y do
rep rese nt th e no rm al leve ls fo r thi s age gro up. Th e
average PC0 2 in thi s se ri es was 38 mm Hg. It is
wo rth repea tin g th at a ve ry slow ve ntil ato ry rate, 8 to
IO per minut e with a rela ti ve ly hi gh tida l volum e, was
empl oyed. It has bee n o ur ex peri ence th at thi s ve nti -

J.

2.

IN IT IAL

a)

0.3 mg / kg

b)

IF I NSUF FIC IENT.

I ml

I NCREMENTS

SUBSEQUENT DOSES

a) G I VEN rj 20- 40 MIN

b) EACH DOSE

= /;

PREV IOUS DOSE

Fig. 5- 0 utl ine o f curare dosage sc hed ul e.
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Fig. 6- Dosage schedu le of cura re adm ini st ratio n.

abolish all co ughing an d respiratory ac tivity , add itional curare is admini stered in I ml (3 mgm) increments until all gross motor ac ti vity ceases. The total
amount of curare is noted at this po int, a nd becomes
the basis for all subsequ ent doses. Each subsequ ent
dose needs be o nl y one half its previous dose , and it
is required eve ry 20 to 40 minutes when signs of
returning mu scle activity occ ur. Wh en a dose of 3
mgm is reached, it is repeated , without hal ving, as
necessa ry. An exa mple of a dosage sc hedul e in a
typical case is show n in figure 6.
Using thi s dosage sc hedul e, we have been able to
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Fig. 7-Graph showi ng total curare dose as measured
against duration of a nesthesia in I 00 cases.
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reli ably produce adequate continuous curari zation
with rea sonab le total curare doses. Figure 7 is a plot
of the total curare dose in o ne hundred co nsec utive
cases aga inst the total duration of a nesthes ia . Total
dose was clearly related to time. More important ,
the average dose was approximate ly 0.7 mg per kg
whic h, for the ave rage pati ent , represents a total of
50 mgm curare during a 3-hou r a nesthetic. This
compares very favorably with the ex pe rience of the
British .
Blood Pressure Changes. Significant hypotensio n incident to the ad mini strati o n of clinical doses
of c urare has been reported (Thomas, 1957). Tn our
ex perience, however, thi s has not bee n a problem .
Figure 8 is a compilation of the lowest and hi ghest
blood pressures noted in I 00 patient s, as me as ured
by th e cuff method , during the twe nty minutes follow ing the initi al curare dose. While some patients
responded with ve ry low-a nd some with very hi gh
- blood pressures, th e majority showed o nl y mild
changes, and no definite trend of clinical signific a nce
co uld be di scerned.
Figure 9 is a plot of the degree of hypotension
see n in those 55 patients in the se ri es who suffered
a fa ll in press ure, versus the dosage in each case. We
co uld di scern no dose-response relationship . We conclude th at while curare has been reported by others
to cause hypotensio n it does not do so to a clinically
significant degree in the dosage range employed in
thi s se ri es.
Curare Reversal. Early in o ur ex pe ri ence we
noted a n occasional pati ent who was un able to maintain adequate spo nt a neous ve ntil ati on following the
ad mini strat io n of neostigmine, even though these
pati ents had not received excessive doses of c urare .
This was surpri sing in view of the well-documented
fact th at neosti gmine is a hi ghly predictable antagonist for cu ra re (Bridenbaugh a nd Churchill-Davidso n, 1968; Katz, 1967) . However, review of these
cases di sclosed the fac t th at many had received
intra peritoneal antibio tics of the type known to produce mu scle paralysis ( Pittinger, et al .. 1970) , and
all th e others had been eith er hypothe rmic or hypovolemic a t th e time of atte mpted curare reve rsal.
These factors have been shown to delay significantly
th e redistribution of curare ( D al Santo, 1964 ) . Followi ng thi s discovery we instituted the practice of
o mitting neostigmine revers al in those patients who
had received intraperito neal antibiotics, who were
hypoth ermic, or in who m a hypoperfu sion state was
judged to be prese nt. Th e endotracheal tube was left
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in pl ace, a nd mu scle powe r was allowed to return
spont aneously whil e th e pati ent was ventil ated mechanica ll y in the recovery room. After th e institutio n
of this prac tice, experi ence in 100 co nsec uti ve pati ents was rev iewed and is summ ari zed in fi gure I 0.
E ightee n patients we re inte nti onall y not reve rsed ; of
th ese, six had un de rgone proced ures, such as abdo min al aortic grafts, in which pos to perative mecha ni ca l ve ntil ation is utili zed in our institution as

.

70 -

•

~~lJi~~i 50
Foll , mm H9

30

10

L

.
.

. .

.... ...

••

..... .. .,
•
. .,...,._
-.....
•30

,40

-•

.50

•
.60

INITIAL CURARE, m9/kg
Fig. 9-G raph showi ng degrees o f hypote nsio n in pat ie nt s
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a matt er of co urse. H ypoperfu sion , hypoth ermi a, the
use of intraperit oneal antibiotics, or a combin ation
of these, were prese nt in all oth er instances.
Of th e 82 cases in which neostigm ine was empl oyed, onl y o ne fa il ed to develop adequate spontaneous ve ntil ati on, and in thi s o ne case, severe
hypovo lemi a fro m unrecogni zed su rgical blood loss
was noted sho rtl y the reafter; spont aneous ventil ation
returned with the tra nsfusion of two units of whole
blood. We conclud e th at neostigmine is indeed a
predi ctabl e a ntagonist for curare so long as th e pathologi c conditi ons noted above a re exclud ed .
Conclusions .
1. Sevent y perc ent N 20 , as a sole depressant
age nt , is adequ ate to prevent p a in -and memo ry in 100 % of cases. There is no ev idence

CU RA R E NOT R EVE RSE D : 18 PATI ENTS
I.
2.

PLANNED POSTOP. VENTI L ATI ON
H YPO PERFUS ION

3. H YPOTHERM I A
4. I. P. ANT IBIOTIC

6

7
6

7

Fig. I 0- Results of rev iew where c u ra re was no t reversed.
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that it is ever inadequate as an anesthetic,
even in deep intra-abdominal operations.
Therefore, with this technique, the use of
other potent depressant agents either by inhalation or by vein is unnecessary. Major
organ toxicity is thus avoided, and recovery
from anesthesia is prompt. Furthermore,
major cardiovascular abnormalities occurring during surgery can be assumed to be
due to factors other than anesthesia, since
neither N 2 0 nor curare alter cardiovascular
function significantly.
2. Curare dosage need not be excessive . When
used according to the recommended schedule, it is well within the range known to
be successfully antagonized with neostigmine
and below the level known to produce significant hypotension.
3. Hypoxia need not occur, so long as mechanical ventilation is properly applied and
meticulously measured. Whenever there is
doubt, arterial blood gas analysis should be
available.
4. Curare reversal has proved to be successful
in all cases except in those instances in
which there is some pathologic process
which delays curare redistribution such as
hypovolemia, or hypothermia, or in those
instances in which intraperitoneal antibi-
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otics are used. In those cases, one must be
prepared to utilize postoperative mechanical
ventilation .
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Myocardial Infarction After General Anesthesia*
SAil TARHAN, M.D.
EMERSON A MOFFITT, M.D.
WILLIAM F. TAYLOR, Ph.D.
EMILIO R. GIULIANI, M.D.
Ma yo Clinic and Ma yo Foundation , R ochester, Minn esota

A survey by th e Na tio nal Ce nter fo r Hea lth
Stati stics estim ated th at th ere we re 111 . 1 milli on
adult s in th e Unit ed States be tween 18 and 79 yea rs
o f age during th e yea rs 1960 to 1962. O f these, 3. 1
million had definit e, and 2 .4 milli on had suspected ,
coronary hea rt di sease . Definit e myoca rdi al in fa rctio n had occurred in a n es tim ated 1.4 milli on adult s
( USN C HS , 196 5 ). Th e num ber of pati ent s with coronary hea rt di sease. or myocard ial in fa rcti on , who
require so me fo rm of surgic al opera ti on will increase
steadily as th e popul a ti o n in creases . Consid ering th e
stress o f anest hes ia and surge ry. th ese pa ti ent s prese nt probl ems related to th eir spec ific ca rdi ac path ology.
In spite of th ese la rge numbers. few stati sti cs
are ava il able about the inc ide nce o f prim a ry o r recurrent myoca rdi a l in fa rcti o n after a nes th es ia . Mo rtalit y rates and th eir re lati on to age and sex , a nd to
type and duration of anesth es ia in ex ist ing report s.
are based o n a relati ve ly small number of cases . Thi s
revi ew att empts to provid e additi o nal da ta on these
qu es ti o ns by a nalyz in g a 2-yea r ex peri e nce in a large
a nesth eti c practi ce .
Material and Method . Durin g the yea rs o f 1967
a nd 1968 , 32,877 pati e nts 30 yea rs o f age and ove r
underwe nt some fo rm o f ope rati o n o r di agnosti c p rocedure und er ge neral a nesth es ia at our instituti o n.
C ardi ac o perati ons we re not in clud ed . A mong these,
4 22 pati ents had ev id ence of prev io us myoca rdi a l
in fa rcti on by hi story or by elec troc ardi ography befo re opera ti on. Th eir di stributi o n fo r th ese yea rs is
shown in T abl e I . T we nt y-e ight o f th em ( 6.6 % ) re-

* D e li vered by Emerso n A. Moffitt. M .0. a t the 25t h
Ann ua l Sto neb urne r Lec ture Se ries, Feb ura ry 26. 1972 . a t
the Med ical Co ll ege o f Virgi ni a. Ri ch mo nd. Re print ed with
permissio n from the Journa l of the American Medica l Associa1io 11 , 220: 1451 - 145 4, 1972.
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in fa rcted aft er ope ration durin g th e fi rst week, as
indicated by clinical sy mptoms, elec trocardiogr am
( E CG) . enzy me studi es, or p ostm ortem examin ati on. Forty-three oth er pati ents also had in fa rcti ons
durin g thi s sa me postoperati ve period- 0.13 % of all
pati ents with out prev ious hi story of myoca rdi al infa rcti o n, havin g a nesth es ia ( T abl e I).
Th e rela tio nship of pati ents with prev io us myoca rdi al infa rcti on to surgic al po pul ation by age and
sex, a nd their rein fa rcti on rat io, is show n in T able 2.
Myoca rdi al in fa rcti on is prim arily a disease of men.
O f eve ry 1,000 anesth eti zed , 12.8 pati ents had had
a p rev ious myoca rdi al in fa rcti on. Fifteen of 28 patient s died aft e r rein fa rcti on ( 54 % ) , with 12 of
th ese dea th s occ urrin g during th e fir st 4 8 hours aft er
myoca rd ial in fa rcti o n ( 80 % ) ( T abl e 3 ) . F orty-three
o f th e 7 1 pati ent s who in fa rcted h ad no previous evide nce of myocardi a l infa rction , but 16 h ad known
coron a ry hea rt di sease with angin a. The other 27 h ad
no hi story of corona ry disease, but 6 of th em were

T A BL E I.

Inc idence o f myoca rdia l infa rc tio n rela ted to

prev io us in fa rction.

Myoca rd ia I
in farct io n

Ge nera l

anesthesia
History
Previo us
myocardia l in fa rctio n
1967
1968
T o ta l
N o previous

(no.)

I

ISet wk post op

1~ -1-~-

2 18
204
422

13
15
28

6.0
7.4
6.6

15. 59 7
16.858
32 . 455

19
24
43

0 . 12
0. 14
0 . 13

myocardial infarction

1967
1968
T ota l
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Relation of myocardial infarction to previous infarction and to surgical population.

,-~~~-

Myocardial infarction
General
anesthesia
(no.)

Age

30 to
40 to
50 to
60 to
70 to

4 .081
6 ,906
8 ,825
8.375
4 .051
639
32. 877

39
49
59
69
79

so+
Total

Total previous
myocardial
infarction / 1,000
anesthetics

Previously

0.7
3.6
10. 5
20.9
27.9
20 . 3
12 .8

diabetic and IO had hypertension requiring treatment. The mortality rate of these first infarctions is
also high .
The patients received a variety of general anesthetic agents and muscle relaxants (Table 4) without
influencing the incidence of reinfarction. Duration of
anesthesia ranged from 20 minutes to 6 hours, yet
the incidence of reinfarction did not change as time
increased (Table 5).
The relationship of site and type of operation
to recurrence of myocardial infarction is shown in
Table 6. When analyzed by the chi-square test, the
reinfarction ratio in operations of the thorax and
upper abdomen was significantly higher (P < 0.001)
than for other types of operation (Table 6).
The relationship of incidence of postoperative
infarction to interval since previous myocardi al infarction is shown in Table 7 . Thirty-seven percent of
patients operated on within 3 months of myoc ardial
infarction had postoperative reinfarctions. This decreased to 16 % in patients between 3 and 6 months

TABLE 3.

in men

3
24
75
147
90
10
349

Myocard ial infarction
in women

Previously

2
5
13

Again
postop

I

18
28
23
3
73

6
I

27

I
I

aft er infarction, and remained 4 to 5 % in patients
more than 6 months after previous infarction.
The figure depicts the distribution of myocardial
infarction on various postoperative days. There were
significant day-to-day differences in the frequency of
myoc ardial infarction , the third day being highest
(P < 0.01) .
Six of th e 28 pati ents did not have chest pain
with reinfarction . Suspicion of an acute infarct came
from the postoperative ECG, or from clinical findings
such as irregul ar pulse, leading to a full investigation.
Discussion. Coronary heart disease may begin
ea rly in adult life, but rarely manifests itself before
45 years of age. Myoc ardial infarction is much more
common in men than women, and its prevalence
rises with age, the 65 to 74-year-age group having
the greatest incidence . This was also true in the
surgical population , yet the reinfarction r atio did
not change significantly in our study for older age
groups. Our present study also indicates that patients with previous myoc ardial infarction who have

Preoperative heart disease and myocardial infarction after general anesthesia.
Myocardial infarction in first wk postop
Deaths
In 48-hr-postoperative
myocardial infarction

Tot al
Preoperative
status
Myocardial infarction
Coronary heart disease
Known
Unknown
Total

Cases

No .

%

No.

%
80

9

64
73
73

28

15

54

12

16
27
71

14
15
44

87
56
62

11
32
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ge neral anes thesia a nd surgery have a SO-times
greater ch ance of rein fa rctio n th an those who do
not have a histo ry of myoca rdi al infarction.
R eports on rates of postoperative myoca rdi a l
infarction differ widely . Bae r, et al ( Bae r, et al.,
1965) report that 41 of 150 pati ent s older th a n 30
yea rs of age had myoca rdi a l in fa rcti on aft er oper ation. Walker and Macd ess i (Walker a nd M acdessi,
1966) found ev idence of myocardi al in fa rction
amon g 26 of I 00 patients older th an 65 yea rs.
Pati ents in both th ese studi es we re ra ndo ml y se lected
and some had prev ious myocardial infarction or evidence of coro nary hea rt di sease. Kn app, et al
(Knapp, et al., 1962) report ed th at a mo ng 427 patients with a prev io us hi story of corona ry occl usion ,
26 had reinfarcti ons. Arkin s, et al (Arkins, et al.,
1964) coll ected a seri es of 240 pati ents with prev ious
myocardial infarctio n, of whom 54 died during th e
first 2 month s postope rati ve ly. Maun ey et al ( Mauney, et al., I 970) relat es a prospec tive stud y in which
30 of 365 patient s, age 50 yea rs or ove r. had myocardi al infarcti o n afte r operation, with l 6 dea th s.
Co mp aring these figur es is difficult beca use of
th e wide vari ety of factors in vo lved such as age , type
of hospital , meth ods of diagnosing myoca rdi al infarction, oth er preex isting illn esses, kind of o pe ration , and postoperativ e ca re. Howeve r. o ne conclu sion is common to all report s : th e hi gh incidence of
postoperati ve myoca rdi a l in fa rcti on in pati ent s who
had had prev io us in farction , eve n when th e infarction was lo ng befo re operati o n.
Fifty-four percent o f o ur pati ent s who had previo us myoca rdi al in fa rcti on d ied as a res ult of recurrent myoca rdi al infarcti on (similar to the 53 %
mort ality cited by Ma uney, et al [M a un ey, et al.,
I 970]). By compariso n th e mo rt a lity rat e fro m myoca rdi al in farc tion in a ge nera l hospit al is a pproxi-

TABL E 5.

Anesthesia.
min

to
to
to
to
to
to

Relation of myocardial infarctio n to anesthetic

Myoca rdia l infarction

-1--1--Previo usly

Age nts and mi xtu res

Thiopenta l. 0 ,. N ,0 , tubocurarine
With methoxyfiura ne
With halothane
With ether
With pen tazocine
Thiope nta l. 0 ,. N ,O
With ha lot hane, galla mine
With gall am ine
With cyclo propa ne
Thiopenta l. d iazepam
Thiopenta l. 0 ,. surgica l infiltrate
lnnovar. 0 ,. N ,O, t uboc urar ine
T o ta l

57
268
66

Again
postop

'1o

again

5
18
4

8.8
6. 7
6. 1

28

6.6

21

2

422

mate ly 30 % and in a coronary care unit thi s may be
redu ced to I 5 to 20 % ( Logue and Hurst, 1970). So
myoca rdi al infarcti on, o r rec urrent infarction, after
anes th esia and a major o perati on , is more seri ous and
leth al th a n myoc ardi al infarcti on alone.
Others have report ed th at the shorter the interva l from previous myoca rdial in fa rctio n to m ajor
o peration , th e grea ter th e haza rd of reinfarction
(Knapp, et al., 1962) . In th e se ries of Arkins et al
(A rkin s, et al., 1964 ), 27 pati ents had infa rction
under 3 month s old ; I ! of th em ( 40 % ) died during
o r after operation. In IO of these p at ients the cause
o f dea th was directl y related to myocardi al infarcti o n. In o ur se ri es the rein fa rcti on rate was 37 %
a mong th e patients with in farct ion less th an 3 months
previ o usly; the inc id ence d ropped to 16 % when th e
myocardial infarction was 3 to 6 months old . Beca use th e rein fa rction rate was stable at 5 % after 6

Duration o f a nesthesia an d myocardial infa rctio n a fter ge neral a nesthesia .
Myoca rd ia l infa rctio n in me n

0
60
120
180
240
300

TABL E 4.
age nts .

Previously
59
119
179
239
299
359
T ota l

35
66
39
20
12
2
174

I

Aga in
posto p
3
4
4
I

12

Again
postop

Myoca rdia l
infarctio n
agai n ( 0 ;,J
(M + W)

3

I

6.5
5. I
7. 5
4 .2
6. 7

44

1

6. 0

Myoca rdia l infarction in wo men

Previously

I

JI
12
14
4
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Relation of myocardial infarction to site and type of operation.
Myocardial infarction in men

Site and type of operation
Thorax & upper abdomen
Great vessels
Lung
Other intrathoracic
Biliary, upper abdomen
Other
Extraperitoneal abdominal
Endoscopic: oral
perinea!
Perinea! GU
Anorectal
Vertebral column
Extremities, bone
Head a nd neck
Miscellaneous
Total

Previo usly

I

( 113)
49
14
4
46
(236)
5
8
5
48
7
14
18
13
11 8
349

• Difference between groups is significant (P

Again
postop

Previously

( 15)
5
5
3
2
(12)
I

Aga in
postop

(18)
5

(I)

13
(55)
2

I

2
2
2
I
I

2
5
5
41
73

2
I

27

I

Myocardial
infarction
again( % )
(M + WJ
(12.2)*
9
36
75
5
(4.1)*
14
25
40
4
14
6
9
6
6.6

< 0.001).

months, elective surgery should be postponed beyond this time. Only life-threatening emergencies
should be considered for surgery less than 6 months
after a myocardi al infarction.
About one third of patients hav ing myocardial
infarction alone die in the first 48 hours ( Shapiro,
et al., 1969). However, 80% of our postoperative
patients died within 48 hours after myocardial infarction, which suggests that arrhythmia, rather than
a low cardiac output due to myocardi al failure, may
be the primary cause of death . Since these infarcts
occurred in hospitals, one can reasonably assume that
a lower mortality rate could be obtained if all those
TABLE 7.

----i---Myocardial infarction in women

patients with previous coronary heart disease and
myocardial infarction were monitored carefully and
early measures taken to treat rate and rhythm disturbances. Intensive monitoring and care are needed.
Several factors may precipitate myocardial infarction during and after operation, such as tachycardia, hypoxemia, hypotension, hemorrhage, and
lowered cardiac output ( Dack, 1963). These complications are more frequent after surgery of the
great vessels, lung, and the upper abdomen. As a
group, these more major kinds of operation were followed by three times more infarctions than any
other type of operation. This fact indicates the need

Relation of myocardial infarction to interval from previous myocardial infarction .
M yocardial infarction in men

Months
0 to 3
4 to 6
7 to 12
13 to 18
19 to 24
25+
Old
myocardial infarction ,
age not recorded
Total

Previously

Again
postop

Myocardial infarction in women

--::::-1

Again
postop

8
15
31
26
19
186
64

3
3
2

4
11

I
10
7

2
46
9

349

27

73

Myocardial
infarction
again( % )
(M+WJ
37
16
5
4
5
5
10

6.6
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speci al attention to chest ph ys iotherapy-coughing,
deep breathing, chest poundin g, regul ar turnin g, and
dangling of the legs. By these mea ns, atelectasis may
be minimi zed , myocardial oxyge n suppl y kept adequ ate, and infarction avo ided.
Th at th ere is a tend ency for excessive th ro mbus
fo rm ation in men who have had previous myoca rdi al
infarcti on has bee n suggested ( Goldenfarb , et al.,
1971 ) . The coagulability of bl ood is increased during
th e seco nd to seve nth postope rative days (Grigoryan
and Alimov. 1969). Res ults of prolonged anti coagulation to preve nt rec urrent myocardi al in fa rcti on
have bee n contro ve rsial in th e pas t (Sea man. et al.,
1964 ) , yet short-t erm ( up to I week) proph ylactic
anticoagul ati on fo r postoperati ve recurrent myoca rdi al in farction has not bee n tri ed to our kn owledge.
The signifi ca nce of th e co mbin ed effects of all
th ese factors on th e incidence of myocardial infarcti on aft er operati on, espec iall y during th e third postoperati ve day (fi g. I) . is not clea rl y documented.
Ce rt ainl y th ese high-risk pati ents should be watched
closely and tre ated agress ively. postoperatively, in an
att empt to make anesth esia and surge ry safer for
them.

fo r close attenti on to maint aining optimal blood
vo lume and press ure in th e postoperat ive peri od.
Si x of 28 of our pati ents had silent rec urrent infarction discovered elec trocard iog raphically or clinicall y after operation. Chest pain at th is tim e may be
abse nt or obsc ured beca use of narcot ics and sedatives. Serial electrocardi og raph ic tracin gs dail y fo r
up to a week aft er operat ion, for co mpari so n with a
base line ECG taken prior to operati on. are indicated
in pati ents who have hypert ension. co ronary di sease .
and previous infarction.
Hypoxe mia when brea thing air occurs to so me
degree aft er most ge neral anestheti cs and major operati ons. We have found in a different stud y th at aft er
abdomin al surge ry art eri al oxyge n ten sion dec reases
for at least 3 postoperat ive da ys ( 2 % . I I % and 12 %
res pec ti ve ly) . largely clu e to miliary atclectas is. pulmonary shuntin g, and possibl y decre ased ca rdi ac o utput (Tarh an. er al., 1969). Another reaso n, th en, for
hav in g pati ents who ha ve had previous infa rcti on,
and th ose who have coro nary di sease, in intensive
care areas pos topera ti ve ly is th at th ey ca n be oxyge nated better. They need not onl y an increased inspired oxyge n tension fo r seve ral days but also

Distribution of MI's to postoperative days
22

35

25

% of infarcts
15

5
0

• N um be r of pa ti ent s
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Postoperative days
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Progress of Congenital Heart Disease: The Tearn
Approach as It Includes the Anesthesiologist*
CAROLYN M. McCUE, M.D.
Professor of Pediatrics,
Medical College of Virginia, Richmond, Virginia

Historical Background. No branch of medicine
has progressed more rap idly a nd dramatically in the
last 35 years than Pedi atric Cardiology. H arvey's
description of the circulation in 1628 (Harvey,
1628) and Leonardus Botallus' (Noback and Rehman , 1941) re port on the fetal circulation were
milestones in clarifying our understandi ng. Isolated
clinical and path ologic descriptions of specific lesions
written with amazi ng acc uracy appeared in the 17th
a nd 18th centuries. Sandi fort (Sandifort, 1777) in
1777 prese nted details of a clinical exa min ation correlated with necropsy findin gs in a cya notic 12-yearold boy with pulmonic stenosis and a ventricular
septa I defect lo ng before Dr. F allot's fa mou s report
( Fallot, 1888). Chauveau a nd Marey ( Chauveau
and Marey, 1863) performed a ri ght heart cath eterization in 186 1, but the technique was fo rgotten until
Walter Forssman (Forssman, 1929 ) , a urol ogist,
reviewed it in 1929. Forss man eve n attempted an
angioca rdi ogram, but th e contrast injected was too
dilute to be visualized and he was told by his associates that hi s work qu alified "for a circus not
a clinic." Des pite such criticism, with Cournand and
Richards, Forss man received th e Nobel Pri ze in
195 6.
The modern era of Pediatric Cardiology began
with Dr. Maude Abbott, whose meticulous Atlas,
published in 19 36, presented precise descriptions of
I 000 cases of congenital hea rt di sease which she
had personally examined from a pathologic standpoi nt (Abbott, 193 6 ). She add ed a re view of th e
developm ent and compara tive anatomy of reptilian,
a mphibia n, and mamm alian hearts. After rev iewing

* Prese nted a t the 25th Annual Stoneburner Lecture
Series, February 26, 1972, a t the Medical Coll ege of Virginia. Richmond . Portions of this stud y are reprinted with
permissio n from the Virginia M edical Monthly 98:408,
August 1971.
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the world lit erature related to the pathology of conge nit al cardiac malformations, she added her cases
a nd published many comprehensive report s of individual les ions. As a res ult of her work, a few
clinicians began to diagnose specific con genital heart
les ions, although usu ally therapy was hopeless. Suddenly in 193 8, the modern era of cardi ac surgery
began when Dr . Gross first successfully li gated a
patent ductus a rteriosus (Gross and Hubbard ,
1939 ) . Munro of Boston had suggested ligating a
patent ductus as early as 1907 (Munro, 1907) , but
it was 30 years later before Strieder (Graybiel, et al.,
193 8) att empted the technique. While Crafoord
( Crafoord , 1965) in Swede n was ligating a patent
ductus , th e suture se vered th e vessel. It was necessary to cl amp th e aorta for 28 minutes. To his surprise, the patient did well and he recognized that
thi s occlusion could be tolerated both by th e hea rt
a nd nervous system . Soon thereafter, in 1944, he
successfully repaired a coarctation of the aorta in
an I !-year-old boy ( Crafoord and Nylin, 1945) .
Successful surge ry was a great stimulu s to the
diagnosis of acya notic congential heart disease.
About this tim e, Dr. Park , Professor of Pediatrics
at Johns Hopkins, assigned Dr. H ele n T aussig to
the cardiology clinic suggest ing that she accumulate
data a nd correlate clinical information and pathologic findings on children with congenital heart
disease. She quickly noted th e repetitive patterns of
develo pment al malform ations and learn ed to make
amazingly accurate diagnoses. H er monograph , published in 194 7, was the first textbook on congenital
hea rt disease (Taussig, 1947) . Dr. Alfred Blalock
recalled a small conference where he was discussing
ex perimental production of pulmonary hypertension
in animals using a systemic artery to pulmonary
artery anastomosis. Dr. Taussig asked if he could
increase the pulmonary blood flow in pati ents with
pulmonic stenos is in the sa me way (Blalock , 1966).
MCV QUARTERLY 8 (2) : 154 -161, 1972
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She was thinking of the many cyano tic children with
decreased pulmo nary blood flow as observed in
tetralogy of Fallot or pulmonary atresi a. No one
knew the answer to three major questions: (I)
Could a blue child tolerate anesthesia? (2) Could
one occlude a pulmonary artery temporarily, especially in a blue child? ( 3) Would the arm tolerate
ligation of the subclavian artery? Many animal experiments were carried out to attempt to answer
these questions before they recognized that the
answer to each was yes. The first Bl alock-Taussig
shunt for a tetralogy of Fallot was created successfully in 1944 ( Blalock and Taussig, 1945) . Modifications of the shunt procedure ( Potts, et al., 1946;
Waterston, 1962) and Sir Russell Brock's ( Brock ,
1948) alleviation of valvular pulmonic stenosis followed quickly. Scott (Scott, 1955) at Vanderbilt in
1954 achieved open correction of a tetralogy with
hypothermia, but it remained for Lillehei (Lillehei,
Cohen, et al., 1955) and Varco in Minneapolis,
utilizing cross circulation, to first close a ventricular
septa! defect and completely remove right ventricular
obstruction in 1955.
Gibbon had been working on a hea rt lung machine since the early I 930's and performed the first
successful operation closing an atrial septa! defect
by this method in May, 1953 (Gibbon, 1954)
Crafoord visited Gibbon in the late I 930's and his
group simultaneously worked on a heart lun g machine and developed a disc oxygenator. The advent
of open heart surgery made possible accurate correction of the many complex congenital heart defects. Dr. Crafoord (Crafoord, 1965) considers the
development of the Engstrom-Bjork respirator for
anesthesia and postoperative ventilation a milestone
in operative and postoperative care .
Developments in the physiology laboratory. including refinements in the technique of cardiac
catheterization and particularly the addition of angiocardiography, as introduced by Robb and Steinberg
(Robb and Steinberg, 1938), made precision in
diagnosis possible. Improvements in the toxicity of
contrast media made cineangiography less dangerous
for small infants. Improved electronic equipment for
recording and monitoring pressures and utilization
of colorometric methods for rapid determination of
oxygen saturations and indicator dilution increased
the safety and efficiency of diagnostic cardiac cath eterization. Rapid measurement of blood gases and
electrolytes added another safety feature .
Transposition of the great arteries was first pal-
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li ated in infancy in 1940 by Blalock and H anlon
( Hanlon and Blalock, 1948) , by creating an atrial
septa! defect. This gave only temporary and moderate relief, but th e frequency of this defect and its
leth al characteristics were a continuing challenge to
devise corrective surgery. Baffes ( Baffes, 1956) attempted to reverse venous return. Senning (Senning,
1959) reported the first correction by plastic revision of the atria to reverse venous inflow in 1959.
Mustard's ( Mustard , 1964) use of an intra-atrial
pericardia! patch for total correction has vastly improved the prognosis in this previously hopeless
lesion. In 1966, Rash kind and Miller ( Rashkind and
Miller, 1966) described the catheterization balloon
technique for creating a large atrial septa! defect,
permitting survival through the critical neonatal
per iod.
The achievement of success in correcting a complete truncus arteriosus or a complete atrio-ventricular canal captured the imagination of Rastelli and ,
based on a vast knowledge of anatomy, embryology,
and physiology, has been achieved (Rastelli, Weidman, and Kirkland, 1965; Rastelli , Titus, and McGoon, 1967). The eight major congenital heart
lesions now have excellent corrective procedures
with acceptable mortality rates, which have diminished as preoperative di agnosis, surgical skill, and
postoperative intensive care have improved . Rarer
lesions are more hazardous and difficult to correct,
especiall y in the younger child. The neonate, whose
complex varieties of heart disease lead to cardiac
fai lure and cyanosis early, needs early, aggressive
diagnosis to avoid a 75 % mortality. With ideal treatment, about 1/2 of the deaths can be prevented.
Auxiliary aids in the care of a child with congenit al heart disease lie in the fields of anesthesiology, hematology, biochemistry, and electronics.
Landsteiner's ( Landsteiner, 190 I) description of
blood groupings was essential for transfusions. A
purified heparin, which allowed standardization and
control of coagulation of blood, was a prerequisite
to modern cardiac surgery. Pacemakers, defibrillators, prosthetic valves, and patches, now used
routinely, have all been developed in the last few
years.
The Medical College of Virginia assumed a
position of leadership in modern aspects of cardiovascular and thoracic surgery under the direction
of Dr. I. A . Bigger. There have been times, especially
as open heart surgery began in the I 950's when this
was a difficult role to maintain. The success of the
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surgica l effor t is d ra mati ca ll y illustrated by th e
analys is of mortalit y stati stics fro m th e Uni versity
of Minn esota for all o pen hea rt procedures o n patients with co nge nit al hea rt di sease (Lillehei, Varco,
et al., 1967 )
Progress o f O pe n Heart Surgery for
Congeni ta l Hea rl D isease
U ni ve rsit y of Minnesota
Opera ti ve
Num ber of Cases Mort a lity
1954- 1957
1958- 1962
1963- 1966

386
986
419

At the Med ica l Coll ege of V irgini a, my colleagues' have parti cipated with me in a rece nt study
to dete rmin e the incide nce, mo rbidity, a nd morta lit y
o f surgicall y corrected co nge nital hea rt lesions over
a six-year pe riod . O ur fi ndin gs are stated be low.
Materials and Methods. All pati e nts, pri vate or
sta ff. who had surge ry for correc ti on or pall iat ion of
a co nge nit al ca rdi ac defec t fr om birth to 20 yea rs
of age at the Med ica l Coll ege of V irgin ia Hos pitals
be tween J anua ry I, 1966 and Ja nu ary I, 1972 a re
in cl uded in thi s report. T his six-year int erval prese nts
a co mpl ete eva lu ati o n of our rece nt su rgical result s.
Eve ry pati ent had a co mplete ca rd iac eva lu at ion , in cl uding a hi story, phys ica l exa min ati o n, chest roe nt ge nogra m and electroca rd iogra m. Ca rd iac ca th ete riza ti on a nd angiocardiogra phy we re do ne except in
chil d ren with a pa tent du ctus art eriosus in whom
th ese d iagnosti c procedures we re fr eque ntl y o mitted .
Decis ions fo r surge ry were mad e at a week ly co nference in which th e pedi atri c ca rd iologists, physiologists, rad io logists, path ologists, and surgeo ns
pa rti cipated . Surgica l procedures we re d ivided approx im ately eq ual ly be twee n th e two surgical tea ms.
During th ese six yea rs, th ere we re :

11 . 83 1 ped iat ri c ca rd io logy o ut-patient visits
2. 985 hospita l patients
557 c hil dre n un dergoi ng surge ry for conge nital

ca rdiac defects
593
45

to ta l surgica l proced ures fo r conge nit a l
ca rdiac lesions
dea ths

.1 D r. H . Page Ma uc k. J r .. Dr. J o n B. Ti ngel stad . D r.
Lo ui se W . Robe rtson. and ou r sur geons. Dr. Richard R .
Lowe r a nd Dr. Lewis H. Bosher. J r.

Results. Five hundred fift y-seven c hildren had
major surgica l p rocedures with th e distribution as
shown in T able I. The mort ality for the common
defec ts will be co nsid ered individu all y. An y death
within th e fi rst mo nth postoperati vely is co nsidered
as surgical mort alit y. F o r th e 593 proced ures, there
was a 7. 5 8% mort ality.
A trial Se pta/ Defects. Eve n a small atri al septa]
defect makes a preschool child a ca ndid ate for
surge ry. This was th e most fr equently corrected left
to ri ght shunt a nd was see n in 98 pati ents divided
into th e fo llow ing types:
Secund um
Primu m
W it h Partial Ano ma lo us
Pulmo na ry Ve no us Ret urn
Single Atri um

72
15
9

2

A ll were catheterized and pati ents with a pulmonic
to syste mi c fl ow ratio grea ter th an 1.4 : I we re refe rred fo r surge ry at an appropriate age. Th e span
was I I months to 20 years. One infan t with he art
fa ilure was correc ted at 11 month s. Th e mea n age
fo r correcti on was 6 yea rs. There we re no death s
in this group.
Ventricular Se pta/ Defects. E ighty pati ent s had
closure o f a moderately la rge ve ntricul ar se pta! defec t whi ch was the ma jo r les ion. The types are as
noted ( T able II) a nd includ e two wi th more th an
o ne de fect and fi ve with a L V- RA shunt. There
were ma ny assoc iated defects, includin g atri al septa!
defects, aortic insuffici ency, a nd pate nt ducti. Seven
in fa nt s with intractable cardi ac failur e had pulmo nary artery banding to dec rease pulmonary blood
fl o w ca used by a large left to ri ght shunt through
the defect. Seve n children required removal of a
prev io usly pl aced pulm onary artery band , in additio n
to cl os ure of the defect. Two children have been reo perated fo r cl os ure of a residu al shunt. Severe
aortic insufficiency from a redund ant aortic cusp
led to one surgic al death . Of th e seven in fa nts und er
o ne year of age wh o required pulmo na ry artery ba ndin g, onl y fo ur have good surgic al palliation . Assoc iated intr a and extra ca rdiac defects complicated
th eir course.
Patent Ductus A rteriosus. A patent ductus
a rteriosus has bee n interrupted in 90 patient s between th e ages of 3 month s and 19 yea rs. Almost
all ha ve been seen posto pe ratively a nd di sc harged as
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TABLE I
INCIDENCE CONGEN ITAL DEFECTS

Defect
Acyanotic
Atrial Septal Defect
Ventricular Septal Defec t
Patent Ductus Arteriosus
Coarctation
Pulmonic Stenosis
Aortic Stenosis
Vasc ular Rings
Miscellaneous Acyano1ic
Cyanotic
Tetralogy of Fallo!
Shunts
Open Correction
Thoracotomy
Pacemaker
Transposition of Great
Vessels
Palliative
Mustard Procedure
Rare Cyanotic Lesions

Expired
(45)

98
87
90
34
36
15
5
3

0
4
2
I
0
0
I
0

0
4.6
2.2
2 .9
0
0
20

8
3
0
0

13. I
4.7
0
0
14 .2

11 8
61
63

21
17
4
50

cured. Two children, one an infant, died of tec hnical
problems during surgery. Because of cardiac failure
and marked cardiomegaly, eleven infants were surgically corrected under one year of age. Ideally,
surgery is deferred until the child is greater than 2
years of age. Several premature infants on whom
the diagnosis was confirmed had spontaneous closure
of their ductus.
Coarctation of the Aorta. Coarctation of the
aorta was corrected in 34 patients at a mean age
of 6 years. All patients had preoperative aortography .
Four patients required surgery in infancy for in-

TABLE II
VENTRICULAR SEPTAL DEFECTS

MCV
Mortalit y %
(8.07 % )
(7.58)

Patients
(557 Patients)
(593 Procedures)

(87)

Types:
Corrected
80
Single
73
(Removal of Bands 7)
Multiple
2
LV-RA Shunts
5
Banded Pulmonary Artery
7
Ages :
6 Wee ks-20 Years
Deaths:
4 (4.6% )
Correction
2 (2.5 % )
Pulmonary Artery Bands 2 (28.5 % )

3
0
23

17 .6%
0
46

tractable congestive fai lu re , of whom one infa nt died .
Successful correction of a complete interruption of
th e aortic arch has been done on two occasions.
Pu/manic Stenosis. Pulmonic stenosis is commonly associated with other defec ts, but was seen
as the primary problem in 36 children who had an
intact ventricular se ptum and a right ventricular to
pulmonary artery systolic gradient between 50 and
160 mm. H g. The age span was 11 days to 18 years
and two infants were less than I year of age . The
types are as follows:
Valvular
Supravalvular
Primary lnfundibula r
Ru bella with Valvular
Pulmonic Stenosis and
Peripheral Pulmo nic
Ste nosis and Patent
Ductus Arteriosus

28
I

4

Associated defects included atrial septa! defect and
peripheral pulmonic stenosis in fiv e. An assoc iated
rubella sy ndrom e with a patent ductus occurred in
three babies. Secondary infundibular obstruction required surgical alleviation in about V2 of the valvular
cases. All survived and were improved.
A or tic Stenosis. Although 80 cases of aortic
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stenosis were studied in the cardiac catheterization
laboratory in this six-year period, only 15 we re referred for surgery . The age spa n was 3 yea rs to 19
years. The types were as fo llows:

Valvular
Subvalvular Membrane
Idiopat hic Hyper trop hic
Su baortic Stenosis
Supravalvul ar
With Severe Aortic
Insufficiency

IO
2

Criteria for operation were a gradi ent in excess of
60 mm Hg and elec troc ardiographic ev id ence of
left ventricul ar hypertrophy and strain. This age
group is older than for most other lesions and included no infants. Those wi th va lvular ste nos is underwent valvul oplasty; o nl y o ne prosthet ic va lve
was utilized in a 15-year-old girl with severe aort ic
insufficiency. A teflon patch was empl oyed to widen
the boy's suprava lvular aortic stenosis. Fou r patients
with aortic insuffici ency initi all y continued to manifest mild valvular incompete nce.
Vascular Rings. Five patients with a n aortic
vascular ring were repai red und er 8 month s of age .
One infant with a left pulmona ry artery ari sin g from
the right pulmonary artery causing a vascular slin g
did not survive the surgical procedure. All oth ers
had relief of their strid or a nd have improved after I
to 5 years. One infant also had a shunt for severe
tetralogy.
Misce/kmeous Acyanotic L esions. An a nomalous right coronary a rtery ari sing from th e pulmon ary a rtery was repaired successfull y by direct
anasto mos is to th e aort a in a 12-year-old boy. An
arteri o venous fistula between the extern al carotid
artery and the intern al jugul ar ve in was also repai red
last year.
Tetralogy of Fallot. One hundred eight ee n
children had 126 primary surgic al proced ures fo r
tetral ogy of Fallot ( Table III) . In ge neral, a Waterston 's shunt ( ao rta to right pulmonary artery a nastom osis) was the procedure of choice in the first
three month s of life, a Bl alock-T aussig shunt (subclavi a n to pulmonary artery) being prefera ble if o ne
was required in a slightly la rger child . Thirty-six
infants had shunts created within the first year of
life, of whom twenty eight survived . In 1970, six
infants with a co mplete pulmonary atresia with a
ventricular septa! defect had emergency surgery at-

TABL E Ill
TETRALOGY OF FALLOT

(126) Primary Procedures
( 11 8) Children
T ypes:
Shunts
Open Correction
Previo us Shunts
No Previous Shunts
Thoracotomy
Pacemaker
Secondary Procedures
Revision of Shunts
Secondary Repairs
Deaths :
Mortality Shunts
Mortality Correction
Total

61
63
28

35

JI
7
4

8 (13 .1 % )
3 ( 4.7 % )
II ( 8.8 % )

tempted in the first few weeks of life; only two survived. There were no deaths in children who had
shunt procedures over I yea r of age. Th e mortality
for th e shunt , including th ose with pulmonary atresia,
is 13 . 1 % . Seven pat ients required revision of their
shunt a t some time postoperatively. The majority
were trea ted with digita li s in the postoperative period, since cardiac fa ilure was a frequent transient
complication.
Open correctio n of tetralogy in 63 patients was
s uccessful in 60, giving thi s a mortalit y of 4.7%.
This surgical proced ure is ge nerally reserved for
those over 40 pound s wi th an age distribution as
noted in fig. I . The youngest child was 3 years old
and weighed 27 pounds. Of the 63 children undergoing open correction, 35 had no previous shunt.
Twenty-eight had shunting surgery in the past and
8 had both procedu res during th e six years of study.
Transient cardi ac fail ure postoperatively occurs frequ entl y, but respo nds well to di git alis and diuretics.
Perm anent complete heart block occ urred in 2 children ; one died suddenl y soon after th e o peration ;
the ot her now has a pacema ker impl anted. Four
children have required reoperation fo r res idu al ventricular defects or inadequate relief of their pulmonary stenosis. All have bee n fo llowed postopera ti vely and IO recatheterized. Ma ny have major
ex tra cardiac les ions involving the brain , kidney,
gastro intest in al tract , or skeleto n.
Transposition of the Great Arteries. In many
series, tra nspositio n has comprised up to 20% of
necropsy cases in cyanotic conge nital heart disease
under I year of age. Twenty-one cases of trans-
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to 6yrs .

7-12yrs .

13-20yrs.

Fig. 1-Tetralogy of Fallot surgical thera py according to age.

position of the usual variety occurred in our series.
Others associated with a single ventricle, bilocular
heart, or tricuspid atresia are included with miscellaneous cyanotic lesions (Table IV) .
All infants with transposition of the great
arteries had palliative procedures in infancy, usually
a balloon septostomy or a Blalock-Hanlon septectomy. In only two did the initial balloon septostomy
produce adequate mixing. Usually the Blalock-Hanlon surgical procedure followed within a few weeks.
Infants with associated ventricular septa! defects required a concomitant pulmonary artery band and
one with an associated ductus had it ligated. A
palliative shunt was performed on two infants with
associated pulmonic stenosis. The palliative procedures had a high risk . There were no deaths directly related to the balloon procedure. Four children have thus far had complete correction by the
Mustard technique and improved postoperatively.
One boy with residual pulmonary hypertension died
this month, 33 months after the correction .
Miscellaneous Cyanotic Lesions. Fifty children

with rarer cyanotic congenital defects were seen, of
whom thirty-six were less than one year of age
(Table V). Of the eleven cyanotic children with
tricuspid atresia, nine were infants and two were
older, with an age span from 1 day to 17 years.

TABLE IV
TRANSPOSITION OF THE GREAT VESSELS

Expired Mortality %

Procedures
II
Catheterization
Balloon
Surgical
15
Palliative
11
Blalock- Hanlon
Blalock- Hanlon and 2
Banded Pulmonary
Artery
2
Shunts
Correction
4
Mustard
Total Surgical Procedures
Total Patients

(21)

0

0

17.6%
2
1

0
0
30
21

10%
14.2%

160
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TABL E V
MISCELLANEOUS CYANOTIC LESIONS ( 50)

Defects
Tricuspid Atresia
Total Anomalous Pulmonary
Veno us Return
Single Ventricle
Ba nded
4
Shunt with Pulmonic
Stenos is
Thoracotom y
AV Ca na l
Splenic Syndromes
Multiple Mixed
Pulmonary Atresia
4
Mitra! Atresia
Hypoplastic Right Heart
Truncus
4
Double Outlet Right
2
Ventricle
Ebstein's
Hypoplastic Left
2
Heart with M itra l Stenosis
Multiple Defects
.I
Tota l

Patient s

Expi red

II

I

3

2

6

2

5
20

2
2
14

50

23

a nd fo r open co rrec ti o n of 63 pati ents it was 4 .7 % .
Cooley's (Cool ey and H a llm an, 1966 ) recent review of hi s experience ove r a I 0-year period reports
th e mort a lity fo r shunts as 7 .2 % and for ope n correcti o n 15 % . At Johns H opkin s University H ospital ,
187 patients, ages 2 to 40 yea rs, und erwent complete
correction of tetralogy in th e las t five years with
a 9.6 % morta lity (Bender, et al., 1970 ) .
Our study showed 18 of 21 children with transpositi o n of th e grea t arteries survi ved. Whi le other
children with compl ex cyanotic lesio ns had a 46 %
mort alit y, thi s includ ed ma ny hi gh-ri sk infants in
whom a n aggressive ap proac h for palliation was
justified because th ei r prognosis was, oth erwise,
hope less.
Advances in card iac surge ry have be.e n great
in th e last 30 years, but furth er progress is a nticipated , es pec iall y in in fa nt s. A cooperative effo rt involving referring physicians, pediatric cardiologists,
physiologists, anesth es iologists, surgeons, and intensive ca re nurses is required to continue thi s trend .
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Librium$

(chlordiazepoxide MCI)

and effectiveness
' f'h e a 11 tia 11 x ie t y effecti ve ness of Librium
(chl o rdi aze pox id e I-I CI) h as bee n d emo n stra ted in more th a n a d ecad e of var ied use.
Librium u su all y provides prompt , d e pe ndable
rel ief of mild to severe cl ini cally sig nifi ca nt
;i n xie ty. lt is indica ted when reass ura nce a nd
co un se ling a re not en ough a nd until , in th e
ph ysicia n 's judgme nt, a n x iety h as bee n
r ed uced to to lerable, ap propri ate levels.

Effec t o n mental acuity: Usua ll y minim al
on p ro p er m a int en a n ce d osage. (See vVarnings
in summ ar y of prescribing in forma ti o n .)
Safety: An excelle nt clinica l record. In
ge nera l use, the most commo n sid e effects

reported ha,·e been drowsiness, a tax ia a nd
co nfu sio n, p a rticul arl y in th e elderly a nd
d eb ilit ated .
Concom itant use: I s used as adjun ctive
a nti a n xie ty th era p y concomitantly with
certa in spec ifi c med ications of oth er classes of
drugs, such as card iac glycosid es, antih yp erte nsive age nts, diuretics, a nti coagul a nts,
a nti cho lin erg ics a nd a ntacids. Altho ugh
clini ca l studies h ave not establi sh ed a ca use
a nd effect r ela tionship, physic ia ns sho uld b e
aware th a t variable effects on b lood coagulatio n ha ve bee n r e ported very r arely in
pati ents r eceiving oral anticoagu lants and
ch lordi azc pox ide h ydrochloride.

in relief of clinically
significant anxiety

LlbrlUIII®

{chlordiazepoxide HCI)
S·mg, IO·mg, 25·mg capsules
up to 100 mg daily in
severe anxiety
Befo re presc ribing, plea s e consult complete product

information , a s umm a ry of which follows :
Indications: In d ica ted wh en a nx iety, ten sio n a n d

ap p rehen sio n are sign ifi ca nt co m po nent s of th e
c lin ic al p ro fil e.
Contraindications: Pa ti ent s with kno wn hyperse ns it iv ity to t he drug.
W a rn ings: Cautio n pa ti e nt s a bout poss ibl e co mbin ed
effec ts w ith al co hol a nd othe r CN S d epressa nt s . As

with a ll CN S-ac t ing d ru gs, c autio n pati ent s again st
ha zard ous occ u pa t ion s requiring co m plete m ent a l
a lertness (e.g., o perat ing machin ery , driving).
Tho ug h phy sica l and p syc ho log ica l d epend enc e
ha ve ra re ly bee n repo rted o n r ecomme nd ed d oses,
use ca ution in ad mini stering to ad dict ion -prone
in divid ual s o r those wh o mi ght inc rease d osage;
wi thd rawa l sym pto m s (in c lud ing co nvul sio ns),
fo ll owing d isco ntinuatio n of th e dru g a nd similar to
those see n with barbiturates, h ave bee n reported.
Use of any drug in preg nancy , la c tatio n, or in women
o f c hild bea ring age requires th at it s po tentia l
be nefit s be we igh ed again st it s poss ibl e hazards.
Preca ution s: In th e e ld erly and d ebi l it ated, and in
c hil d re n ove r six, limit to sm a ll est eff ec tive dosa ge
(initi ally 10 mg or less pe r day) to prec lud e ataxi a
o r ove rsedat io n , inc reasing gradu ally a s need ed
and to le rated . Not r ecomm ended in c hildren under
s ix. Th ou gh generally not recomm e nd ed, if combina tio n th erapy w i th o th er psyc h otropi cs see m s
ind ica ted, carefully co nside r ind ividu al pha r maco log ic eff ec ts, parti c ularly in use of potentiating
d ru gs suc h as MAO inhibito rs and phen othiazine s.
Obse rve usual preca ution s in prese nce of impaired
re na l or h epati c fun c tio n. Paradoxical reac ti ons

(e .g ., exc item e nt , stimulatio n and acute rage)
ha ve bee n repo rted in p sychiatric patient s and
hyperac ti ve aggr ess ive chi ldren. Empl oy usua l
p recauti ons in treatmen t o f anxi ety states w i th
evide nce of im pending depression; suic ida l tende ncies may be present an d protective measures
necessary. Variabl e effects on blood coagulation
have bee n r epor ted very rare ly in pat ient s receiving
th e drug a nd oral anticoagula nt s; causa l r elationship
h as not bee n establish ed clinica lly.
Adve rse Reacti on s: Drow siness, ataxia and co nfu sio n
m ay occur, es pec ia ll y in th e elderly a nd debil itated .
Th ese are reve r sible in most instances by p ro per
d osage adju stment, but are al so occasiona l ly
o bse rved at th e lower dosage ranges. 1n a few
in stance s synco pe h as been reported . Also
encounter ed are isola ted instances of skin eruptions,
ed em a, min or men strual irregular it ies, nausea and
co nstipatio n, extrapyramida l symptoms, increased
and dec rea sed l ibido-all infrequent and general ly
co nt ro ll ed wi th dosage reduc t ion; c h anges in EEG
pa tterns (low-voltage fast ac ti vity) may appea r
during and aft er treatm e nt; blood dyscrasias
(including agr anul oc ytosis), jaundice a nd hepat ic
dysfu nction have bee n reported occasio na lly,
making periodic blood counts and li ve r func ti o n
test s advi sab le du r ing prot ract ed therapy.
Supplied: Librium c ap sules cont aining 5 m g, 10 mg
or 25 mg chl o rdiazepoxide HCI. Ubritabs® tabl ets
containing 5 m g, 10 m g o r 25 mg c hl ordiazepoxide.

®

Roche Laboratories
Divi sion o f Hollmann-La Roche Inc.
Nutley. N.J. 07110

